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PREFACE. 



The belief that we must look mainly to the environment 
as furnishing the influences which induce plants to vary 
in response to them — whereby adaptive morphological 
(including anatomical) structures are brought into exist- 
ence — appears to be reviving. To illustrate the progress 
of this belief, I will give a few cases. 

In 1795, Geoffroy Saint Hilaire ''seems to have 
relied chiefly on the conditions of life, or the ' monde 
ambiant,' as the cause of change." * 

In 1801, Lamarck "attributed something to the direct 
action of the physical conditions of life " as the means 
of modification, "something to the crossing of already 
existing forms, and much to use and disuse," 

In 1831, Mr. Patrick Matthew (who, like Dr. W. C. 
Wells in 1818, anticipated Mr. Darwin in the theory of 
"natural selection") "seems to have attributed much 
influence to the direct action of the conditions of life." 

• I quote from Mr. Darwin^s " Historical Sketch ** in his Origin of 
Species, 6th ed., 1878. 



In 1844, the " Vestiges of Creation " appeared. The 
author suggests that "impulses" were imparted to the 
foi-ma of life, on the one hand advancing them, and on 
the other Laud tending to modiiy organic structures in 
accordance with external circumstances ; the effects thus 
produced by the conditions of life being gradual 

In 1852, Mr. Herbert Spencer " attributed the modifi- 
cations [of species] to the change of circumstancea" 

In 1859, "Tbe Origin of Species" appeared. Mr. 
Darwin did not at first seem to lay so much stress as 
his predecessors upon the action of the environment as 
a cause, for he says : " It is curious how largely my 
grandfather. Dr. Erasmus Darwin, anticipated the views 
and erroneous grounds of opinion of Lamarck." Again, 
in speaking of the constancy of some varieties, he says, 
" Such considerations incline me to lay less weight on 
the direct action of the surrounding conditions, than on 
a tendency to vary, due to causes of whicli we ai'e quite 
ignorant."* He had, however, previously said, " Changed 
conditions of life are of the highest importance in 
causing variability. ... It is not probable that vari- 
ability is an inherent and necessary contingent under 
all circumstances." f 

With regard to my own opinion, having been early 
and greatly interested in Paley's " Natural Theology," 
as well as the "Vestiges" when Mr. Darwin's work 

• O. 0/ Sp., p. 107. t r&ii.,p.3I, SeoalBoDBM. fi/ifan, ii., p.388. 
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appeared, the great difficulties I felt in accepting 
natural selection as any real origin of speciea lay, 
first, in the seeming impossibility of the histological 
minutiie of the organs in adaptation having been selected 
together; and, secondly, in the idea that all those 
■wonderful and "purposeful" stmctures which Paley 
thought could only have been " deeigned," could be the 
ultimate result of any number of accidental and appa- 
rently at first "purposeless" variations. In a broad 
sense natural selection seemed obviously true ; for 
Geology had. revealed the fact that the world had been 
peopled over and over again by old forms dying out and 
new forms coming in ; so that although it might account 
for the extinction of the former, it did not seem to me 
capable to account for the origin of the latter. I, there- 
fore, still looked to the environment as affovding a better 
clue to the source of variations.* 

In 1869, when watching a large humble-bee hanging 
on to the dependent stamens of Epilobiv/m angusti- 
foHum, the idea first occurred to me that insects them- 
selves might be the real cause of many peculiarities in 
the structure of flowers. The thought passed through 
my mind that the way the stamens hung down might 
perhaps have become an hereditary etTect from the 
repeatedly applied weight of the bees. 

In 1877, I advanced this idea as a speculation 



when Bu^esting the origin of nectaries and iiregu- 
laritiea of flowers in my paper on " Self-fertilisation of 
Flowers." * 

In 1880, Mr. A. R. Wallace reviewed Dr. Aug. Weis- 
mann's " Studies in the Theory of Descent." f In thia 
work the author says: "According to my view, trans- 
mutation by purely internal causes is not to be enter- 
tained. . . . The action of external inciting causes is 
alone able to produce modifications," Mr. Wallace adds 
that he had "arrived at almost exactly similar con- 
clusions." 

In 1881, when reviewing Paul Janet's work on 
" Final Causes," J I took occasion to remark that " I 
regarded the environment as by far the most important 
"cause" of variations, in that it influences the organ- 
ism, which, by its inherent but latent power to vary, 
responds to the external stimulus, and then varies 
accordingly." 

In 1881, appeared the first really systematic treatise 
that I know of, by Dr. C. Semper,§ which dealt with the 
origin of variations in animals as being referable to the 
environment. 

In 1884, Dr. A. de Bary'a " Comparative Anatomy of 
the Vegetative Organs of the Phanerogams and Feme," 



• Trana. Lin. Boc, 2nd 9 
t Naiare, ixii., p. 141. 
g The Natural Condilion, 
SoL Ser., vol. mi. 



r., Bot., voL i., p. 817. 

X Sfodara Revime, 1881, p. i 
of Existence os they affect Animalt," 
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PREFACE. 

was published in Kngligli. Iq the Introduction, the 
author writes as if it were a perfectly well understood 
thing that species have arisen by adaptations to the 
influences of the environment.* 

In 1886, Mr. Herbert Spencer contribated two articles 
on " The Factors of Organic Evolution " to the KineteentK 
Century.^ In these he showed, from many passages in 
Mr. Darwin's works, especially "Animals and Plants 
under Domestication " and in his later volumes, that he 
became much more favourably inclined to the belief that 
the effects of the environment were accumulative, and 
that in the course of some generations the variations set 
up tended to cease and become fixed. Mr. Spencer par- 
ticulariy notes the change of view, as illustrated by the 
expression " little doubt " being replaced by " no doubt " 
in the following sentence : " I think there can be no 
doubt that use in our domestic aniruals has strengthened 
and enlarged certain parts, and disuse diminished them ; 
and that such modifications are inherited." J It may 
be added that in " The Cross and Self Fertilisation of 
Flowers" {187G), and in "Forms of Flowers" (1877), 
Mr. Darwin makea many observations upon the effects 
of the external conditions upon plants as influencing and 
modifying them in various ways. It is curious to note 
that the three influences upon which Lamarck laid 

• See, B.jr., p. 25. + See p. 570 and p. 749. 

I "Use" and "^aoBe" in animals cmreBpoiidB to what I baTO 
cailed " hypertrophy " and " atrophy " in plaotH, in thiH work. 



empliaais are just those which Mr. Darwin himself 
latterly, though often indirectly perhaps, laid stress upon 
in his experiments, viz. crossing, use and disuse, and the 
physical conditions of life. 

In 188G, also appeared an article in Ifature, entitled, 
" Plants considered in Relation to their Environment." 
It was not signed, but the author alludes to the external 
conditions as bringing about all sorts of changes in the 
vegetative system. He stops short of discussing floral 
sti'netures. 

In 1886, Dr. Vines' " Physiology of Plants" appeared. 
After discussing various views and theories of reproduc- 
tion, he observes, that " variability was first induced as 
the response of the organism to changes in the conditions 
of life," * . . . We conclude, then, that the production of 
varieties is the result of the influence of the conditions 
of life, t 

In the last page of his work, Dr. Vines calls attention 
to Naegeli's view as follows : " Naegeli suggests, and his 
suggestion is worthy of serious consideration, that there 
is an inherent tendency to a higher organisation, so that 
each succeeding generation represents an advance, ... as 
in cases of what is termed saltatory evolution." Thus, 

• Page 676. Dc. Vinea here uabb almost idontically tha sama wordi 
OS najaelf in 1881. I have juat fonnd that Mr. St. G. Mivart said mooh 
the same in 1870, Oenenis of Species, p. 2(i9. See also 0. Sahmidt'H 
Doctrine of Descent and DaTwinism, p. 176. 

+ Page 679. 
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PREFACE. xi 

while Mr. Darwin seems at last to have tacitly accepted 
Lamarck's ideas, at least to a considerable extent, we« 
have herj a return in 1887 to the views of the author of 
the " Vestiges " of 1884. 

1888. I have attempted in the present work to return 
to 1795, and to revive the "Monde ambiant" of Geoflfroy 
Saint Hilaire, as the primal cause of change. My object 
is to endeavour to refer every part of the structures of 
flowers to some one or more definite causes arising from 
the environment taken in its widest sense. To some 
extent the attempt must be regarded as speculative; 
and, therefore, any deductive or A priori reasonings met 
with must be considered by the reader as being suggestive 
only. 
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ISERiL PEISCIPLE3. 



Intboditctort. — Much has been written on the Etrnetnre of 
flowers, and it might seem almost superflnons to attempt to 
Bay anything more on the subject ; but it is only within the 
last few years that a new literature has sprung up, in which 
the authors have described their observations and given 
their interpretations of the uses of floral mechanisms, more 
especially in connection with the procecses of fertilisation. 

Moreover, there is a considerable amount of scattered 
literature on special points wliiuh seems never to have been 
as to show the relative significance of the dif- 
;8 of observations to which the authors have 
Ives respectively. The consequence is, that, 
itself may he, it often requires the help of 
3 of facts to enable one to fully elucidate any 
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!Now, the primaiy object of the first really scientific study 
of plants was their classification, and no longer with the 
Bole view of ascertaining the real or imaginary medicinal 
uses of herbs ; as had been the case in Qerarde'e time, when 
R botanist and a herbalist were one and the same. 
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Systematic botanists, however, have hitherto invariably 
contented themselves with observing differences of structure 
only ; and paid little or no attention to the " why " and the 
" wherefore "of the differences they seized upon as being 
more or less important for the purpose of distinguishing 
species. When, however, the desirability of a more thorough 
knowledge of the oiigin of parts of plants as interpreting mor- 
phological characters was felt, developmental history began 
to be studied ; a method strongly insisted upon by Schleiden, 
for example ; and the most elaborate result of this method of 
investigation is undoubtedly Payer's Trait e d* Org anoginie Com- 
paree de la Fleur, puljlished in 1857 : but if it be thought 
sufficient to limit the study of flowers to tracing their mor- 
phological development alone, one soon begins to see that it 
is far from being so, and, taken by itself, it may lead one into 
false interpretations, so that to the study of development 
must be added that of anatomy. To Ph. van Tieghem we 
are indebted for an elaborate treatise, entitled Becherches sur 
la Structure du Pistil et sur VAnatomSe ComparSe de la Flev/r 
(1871), dealing with the more minute details of floral struc- 
tures. This treatise, however, Btill leaves much to be 
desired. 

Besides these methods, analogy and especially teratology 
furnish assistance of no mean valae. Here we are especially 
indebted to Dr. M. T. Masters for his standard work on 
Teratology * 

Now, any one of these methods taken alone would bo 
insufficient, and in many cases would be far from thoroughly 
accounting for particular points under consideration. 

Hence to arrive at a complete interpretation of the origin 
of every sort of structure to be found in flowers, it can only 

* A GeiTnan edition, Pflanzen Teratologic, ed. ramzner, 1886, hag 
nnmorons additions. 
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be done by calling in the aid of each and all these methods 
to the very utmost extent possible. 

Lastly, to attempt any theoretical exposition of the evo- 
lutionary history of flowers, considerable caution is required ; 
for the causes of variation are generally so obscure, the 
chances of seeing them in activity so small, and experimental 
methods of verification well-nigh impossible, that specula- 
tions on this subject cannot altogether escape the bounds of 
hypothesis so as to become demonstrable facts. Hence 
observations which I shall make later on, with reference to 
the origin of existing floral structures, will not profess to be 
anything more than theoretical, and at most only a " work- 
ing hypothesis " for future investigations. 

The Structure op a Typical Flower. — Before consider- 
ing how the innumerable forms 
of flowers deviate from one 
another, it is advisable to assume 
some typical form or plan as a 
preliminstry basis to start from, 
or to which all flowers, if pos- 
sible, may be referred as a 
standard. It would be quite 
possible to adopt some kind of 
flower as it exists in nature, 
but as this would be arbitrary, 
it may be better to take an ideal 
type, and the diagram (Fig. 1) will answer the purpose, 
in which the outermost circle is supposed to represent a 
cross section of the five Sepals constituting the Calyx. The 
second circle is that of the 6ve Petals of the Corolla. The 
third stands for the Anthers of the five Stamens superposed 
to the sepals ; the fourth being those of ^ve Stamens super- 
posed to the petals. These two whorls of stamens together 




Fig. 1. —Diagram of a typical flower. 
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constitute tlie Andra?cinm. Lastly, there are represented 
two • whorla of Carpels forming the Gynceeiatn I or Pistil. 
The outermost whorl of carpels is siaperposed to the sepals, 
the innermost to the petals. 

There may be additional structures in flowers, such na 
disks, honey-glanda, etc. ; but as these, when they occur on 
the floral -receptacle, are merely cellular protuberauces and 
form no part of the floral whorls proper — not being /uii'ar in 
their origin — they may be om.itteil, especially as their posi- 
tion is by no means constantly the same in all flowers.J 

TuE Principles of Variation. — Having thos assumed a,n 
ideal type, we may at once consider the "Principles of 
Yariation," aa I propose to call them, in accordance with 
which the different members of flowers cau be altered ; so 
that by means of various combinationa of these principlea all 
the flowers in the Vegetable Kingdom can bo brought under 
this one fundamental plan. 

There are five principles which require special considera- 
tion. They are naually designated by the terms Number, 
Arrangement, Cohesion, Adhesion, and Form, 

" Number " refers to the number of whorla and the 
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different whorls, as well as of those of the individual members 
of the whorls with regard to each other. 

*' Cohesion " signifies the union of parts of any, but of the 
same whorl. The origioal or ancestral condition of the 
parts composing every whorl is presumed, on the principles 
of evolution, to have been one of entire freedom ; so that 
the members were as completely separate or free as, for 
example, they are in a Buttercup. Reversions to this con- 
dition of freedom may occur, and then the process is called 
" dialysis , " as in the case of a polypetaloas Camjpanula 
occasionally cultivated as a garden plant. 

" Adhesion " signifies the union of parts of different 
wrhorls ; as well as that between the ovary and the recepta- 
cular tube, constituting the so-called inferior ovary. I regard 
adhesion as representing a more advanced or a more highly 
differentiated state than that of cohesion. Reversions may 
occur by " solution," which brings about a freedom of parts 
normally united, as in the abnormal cases of Apples, double 
Saxifrage, members of the Umhelliferoe, etc., which have all 
their parts perfectly free, though with inferior ovaries under 
ordinary circumstances. 

" Form " refers to the shape of the organs ; such as those 
of sepals and petals upon which generic characters are so often 
founded, the length of the filaments, and other peculiarities. 
If all the parts of any whorl be exactly alike, it is said to 
be " regular ; " if not, the whorl will be "irregular." 

The above five principles constitute the most important 
in accordance with which Nature has brought about the 
infinite diversity which exists in the Floral world. There are 
minor distinctions, hereafter to be considered, such as colours, 
scents, etc. ; but they are of less importance in investigating 
the causes at work which have evolved specific and generic 
differences amongst flowering plants. 
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There is another point which may be here noticed. That 
a flower-bnd ia a metamorphosed leaf-bud is now an accepted 
fact ; bnt an obvious difference between them consiatg in the 
arrested state of the axis of the former, ennstitnting the floral 
receptacle ; and the question ai-iaes, how has this arrest been 
bronght about ? Like all other peculiarities of structure 
to be described, I would attribute the aiTeat primarily to the 
altered nature of the foliar organs on becoming memboi's 
of flowers. Thus, a Fir-cone and a Buttercup are arrested 
branches; but whea the parts of a flower are redaced in 
number, and instead of being in a continnous spiral are 
grouped iu "compressed cycles,''" I would then (hypo- 
thetically) attribute this further reduction of the axis, as 
■well as other features hereafter to be described, to the 
irritation of insects in probing for juices, and causing 
nectaries to be formed, t It is the commonest thing for leaf- 
buda to be arrested, and Bometimea metamorphosed as well, 
by insects puncturing and depositing their eggs in them. 
Such may be seen on the torminal shoots of Tews, Thyme, 
and in certain kinds of Oak-galls, etc. In all such cases the 
immediate effect is the total arrest of the axis, though tbe 
leaves niay be but slightly altered, as in the Tew. How 
the variona metamorphoses of leaves iuto petals, etc., has 
followed will be discussed later on. 

It mast not be forgotten, however, that the tendency to 
ahorten the asis is primarily, in some cases, due to the 
altered structure of the foliar organs, as in Gymnosperms; 
whereby they undertake the reproductive fnnctions. At 
the same time, I think insects have had a good deal to do 
with it, in many other phanerogams, which have but few 
pai'ts to their whovla. 

Each of the above principles must now be considered in 
detail. 

* See pp. i\, i2. i See p. 110, seqq. 
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CHAPTER II. 

THE PKINCIPLE OF NUMBER. 

NuMBEE — Qeneeal Obseevations, — The first principle of 
Variation to be considered is that of the number of parts 
composing the different whorls of flowers. There are good 
reasons for considering that six whorls, consisting of five, 
four, three, or two parts each, as the case may be, should be 
regarded as the theoretically complete number of verticils 
of any flower. 

Anatomical investigations prove that the rule is for the 
pedicel to contain — at least, immediately below the flower, — 
if the latter be pentamerous, ten more or less distinct fibro- 
vascular cords, five of which belong to the sepals and five to 
the petals ; if it be hexamerous, there will be six cords, three 
for each whorl of the perianth. Each of these cords can 
give rise by branching, first, to a whorl of stamens and 
subsequently to a whorl of carpels, furnishing at least two 
marginal and one dorsal cord for each of the latter. 

In many flowers both whorls of stamens are present, and 
the androecium is then isomerous with the entire perianth. 
More often one whorl is arrested, and then it may be either 
one ; but most usually it is the petaline. On the other 
hand, the calycine may not be developed as in Primroses, 
Bhamnus, etc. 

The absence of the petaline stamens is possibly attribu- 
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table to the law of compensation, in consequence of the 
enhanced growth of the corolla, the petals thereby abstract- 
ing the nourishment that would be required by the stamens 
superposed to them. 

That the number of staminal whorls should be two in 
verticillate flowers, i.e., equal to the perianth, is apparent 
from the fact that two whorls prevail in Monocotyledons and 
are not at all uncommon in Dicotyledons ; and when the 
petaline whorl alone exists, as in Primulacece and Myrsinece, 
calycine staminodia are sometimes present which tend to 
restore the complete number, as in the genus Samolus in the 
former and in the tribe Theophrasteoe of the latter order. 

The reduction of the number of carpels is very generally 
carried to a greater extent than that of the stamens. Assum- 
ing two complete whorls of carpels as the primitive number, 
not only are both rarely to be found in the same flower, as 
in Butomus, but a portion only of one whorl is commoner 
than even a single entire whorl. Thus, two are characteristic 
of Gruciferce, PolygaleoBj and of most of the gamopetalous 
orders; while one carpel only prevails in Leguminosoe and 
elsewhere. 

That the absence of parts of, as well as of entire whorls 
of flowers as they now exist does not represent primitive 
conditions, is testified to by the frequent occurrence of 
various kinds of degradations, such as were alluded to above in 
the case of the staminodia of Samolus, etc. Thus, with regard 
to the calyx, it is a noticeable fact that when the inflorescence 
consists of a large number of flowers, especially if small and 
closely compacted, there is a strong tendency for the sepals 
to become partially arrested and remain rudimentary, or even 
not to be developed at all. This is particularly observable 
in some epigynous orders as Umhelliferce, Araliaceoe, Cajpri' 
foliaceoB, Euhiacece, GompositcBy etc. 
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The degradation oE tlie corolla is likewine very common. 
Ah its enhancement has been due to insect agency, so, 
conversely, its reduction in size, colour, etc., is preBuniably 
often the result oE the neglect of insects. Consequently 
inconapicuousnesa becomes a characteristic feature of self- 
fertilising flowers. Uy increased degradation, the corolla may 
disappear entirely, as in Sagina apelala, sorae cleistogamouB 
flowers, and in the Incomplette generally. Such degi-adation. 
IB also chai'act eristic of wind-fertilised flowei-a. 

As both calyx and corolla maybe degraded and disappear, 
so may the stamens and carpels, unisexual and neuter flowers 
being the result. 

Fui'ther observations, Tiowever, will be made npon thia 
subject when treating of the sei'eral whorls respectively, and 
especially when discussing the phenomenon of degeneracy. 

The Origis of Diffebent Nu.wrers. The number of parts 
constituting the floral whorls is, without doubt., primarily 
due to phyllotaxis ; and therefore, to understand why certain 
numbers, snch as fives, fours, and threes prevail, it is needful 
to give some preliminary remarks on the principles of leaf 
arrangement. It has long been observed that these are 
referable to two kinds— one in ivhiiih two or more leaves are 
sitnated on the same node, when they are decussate,* that 
is to say, each pair or whorl of three or more leaves alternates 
in position with the whorl immediately above and below it. 
The second system is when only one leaf occui-s at a node ; 
the leaves are then said to be alternate. The leaves are then 
arranged on a continuous spiral line, and can be represented 
by the fractions of the well-known series J, ^, g, g, -fy, g\, etc. 
Of these fractions the denominator represents the nuniber of 
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leaves in a "cycle," and the nnmerator the nnmber of times 
a spiral line, passing through the position of tho leaves, coils 
round the stem in forming a cycle ; thus, with, the J arrange- 
ttent, any loaf being taken as number 1, the sisth leaf will 
be first that falls in the same vertical line with number 1, the 
leaves 1 to 5 constituting the cycle. The portion of the 
spiral line wbicli passes through the leaves 1 to 6 coils twice 
round the stem, and if projected on a plane forms two circles. 
The angular distance, measured from tho centi'o of the stem 
or circles, between any tiro successive leaves is always found 
by multiplying 360° by the fmction ; thus f X 360" = 144°. 

The interpretation, therefore, of the prevailing nnnibers 
3 and 5 in floral whorls is that they are, in most cases, cycles 
of the g or g types respectively; while 4 is primarily due 
to tho nnion of two pairs of opposite and decnssate parts. 

6, 8, 10 are merely the donblea of tba preceding, and mostly 
represent two pairs o£ whorls or cycles blended tof;;ether, 
thus forming one whorl, or so closely approximated aa 
scarcely i-ecognizable as two ; though the rare number 8, in 
some cases, such as Nigella, and Sellehorxie fmtidus, may repre- 
sent a cycle of the f type. Similarly, the still rarer numbers 

7, 9, and 11 in flowers correspond to the absence of these 
numbers as deuom.inatoi's of any fractions of the above 
prevailing series. 

With tho exception of dimerous and tetramerons whorls, 
all the rest are presumably due to alternate arrangements. 
Now, opposite leaves pi-osent a more primitive type than 
alternate ; that this is so, is not only reasonable from the 
primordial condition of the cotyledons of Dicotyledons, but 
the transition from an opposite to an alternate condition 
may be often witnessed on rapidly growing stems, such as 
of the Jerusalem Artichoke. Whenever this plant bears 
opposite leaves below, and alternate leaves above, it will be 
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found that the arrangement of the latter is almost invariahly 
represented by the f type. It is secured by developing inter- 
nodes between the two opposite leaves of each pair, and by 
shifting their positions so as to acquire ultimately an angular 
divergence of 144°.* 

The feature to be especially observed in the transitions 
from opposite to alternate arrangements is the order in which 
the opposite leaves separate so as to assume successive 
positions on the continuous spiral line passing through their 
insertions, when they have become alternate. This will be 
understood from the accompanying diagram, in which the 
numbers represent the order which the leaves will ultimately 
assume on the f type ; though they are placed as if still 
opposite and decussate. The numbers 1 and 2, 3 and 4, 5 
and 6, etc., represent the successive pairs of opposite leaves, 
the arrows showing the direction of the spiral. 

It will be at once ob- ^ — 2 

served that the numbers 6, ' 5 

9, 14, and 22 are in the ^^ 

same row, and correspond to -iq a 

the divergences i, |, -x^, 21 

Ti\' No. 17 falls into the 3 8 11 16 19 20 15 12 7 4 
series f , and completes the 22 

second cycle of that type V 17 (= 2 X 8-f-l) 

from No. 1. q 

It may be observed 6 

here, as occasion will arise 1 — ^ 

for a fuller allusion to the ^^^' 2.-0ppo8lte leaves passing Into alternate. 

significance of the fact, that, with the sole exception of the 

* I have fully explained this in my paper, On ths Variations of the 
Angular Divergences of the Leaves of Heliauthas Tuberosns, Trans. Lin. 
Soc, vol. xxvi., p. 647. See also On the Origin of the Prevailing Systems 
of Phyllotaxis, I.e., 2nd series, vol. i. p. 37. 
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distichoas or ^ type, every otber arraugement always baa 
Ihree leaves in every projected circle. 

It may be noticed that No. 4 not only does not occur in 
the row 1, 6, 'J, etc., — a fact which corresponds with the rarity 
of a ternary arrangement occnrring amongst fiowera of 
Dicotyledons,— but in order to fall over No. 1 it would have 
to pass through 270°, that is from right to left, practically 
an impossibility ; so that when "threes" are met with in 
Dicotyledons wo must look for some other interpretation 
than to refer them to the J type. 

The numbers 7 and II, ns stated, are extremely rare in 
flowers, and this is in acoord.ince with the fact that they 
belong to another aeries, viz. J, J, |, t\, y'^g, etc , which is rarely 
represented in nature. Examples, however, will be found in 
the leaves of Sedujn rejiexum, on some branches of Araucaria. 
imhricata, and sometimes in the Jerusalem Artichoke. In. 
the last case, it will be discovered that the heptastichons or 
? type arises out of verticils of threes, in precisely the same 
way as the pentastichous or ^ type does from an opposite and 
decussate an-angement ; and as there ai-e always /our leaves 
in every projected circle, for every type of this series, except- 
ing the first or ^, it can only occur where the leaves are 
narrow or are short, or do not occupy too much space ho as 
to overshadow one another. 

Variations in tue Floral Symmetry. — Besides the fact 
that certain numbers are often cbaracteriatio of certain 
species, genera, or even orders, great variations in the sym- 
metry exist, not only in different genera of the same order, 
but in different species of the same genus." 

Now, with reference to this latter fact, it must be borne 
in mind that flowers are so highly differentiated from the 
w of the A'uiJiericai iMoreojw o/ 
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leaf type, that they have undergone such wonderful transfor- 
mations and adaptations to insect and other ageucies and to 
their environing conditions, so that the simple and onginal 
laws governing the arrangement of the leaves, here pro- 
pounded for the origin of what may be called the " primitive 
symmetry " of the floral organs, have become in many cases 
masked or interfered with. Hence, to deduce those original 
laws from the present structure of flowers, it is not only neces- 
sary to consider the floral symmetry of an immense number 
of genera, and so ascertain what are the relative proportions 
of certain numbers when associated with alternate and oppo- 
site leaves respectively, but to discover what may have been 
the interfering causes which have modified what would 
have been the immediate effects of the fundamental laws of 
phyllota-xis. 

Thus, it will be found that the numbers of the parts 
of whorls are liable to vary on their own. account, while 
the arrangement of the foliage varies independently at the 
same time ; so. that where the floral symmetry of a plant 
does not tally with the leaf arrangement, the discrepancy 
may be due either to subsequent changes occurring in the 
flowers or in the leaves, or perhaps in both. 

For example, a quaternary floral type may be, and often 
is, associated with alternate leaves ; where there is reason 
to suspect that the former was established from a primitive 
opposition in the leaf organs, but that the foliage has subse- 
quently differentiated into a spiral arrangement, leaving the 
original 4-merous symmetry of the flowers unaffected, as in 
many of the Onagracece ; Epilohium, indeed, often furnishing 
ocular demonstration, as, while the lower leaves may be 
opposite, the upper are often alternate. 

On the other hand a quinary arrangement is often 
associated with what may be called a persistent opposition 
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in the leaves, as in Caryophyllece and LahtatoB, This may 
be due either to an abrupt change from opposite leaves or 
bracts to a spiral one in the flower, or by a reversion 
from an alternate to an opposite position of the leaves, the 
floral organs retaining the an^angements due to their spiral 
origin. 

The symmetry is based on Calyx, Corolla, and in many 
cases the Androecium also ; but the carpels are not generally 
regarded, for it does not usually extend to the gynoecinm, 
though it is very frequently retained in the androecinm, 
which is often some multiple of that of the perianth 
whorls. 

In presenting the reader with what may be regarded as 
ostensible grounds for the interpretation proposed, attention 
will be first directed to the more obvious correlations be- 
tween floral symmetry and leaf arrangements, as appear 
from certain numerical proportions ; and, in the next chapter, 
to significant facts observable in the symmetry of particular 
plants. 

Commencing with genera possessing alternate leaves and 
a quinary floral type, the prominent fact becomes at once 
apparent that this correlation far exceeds in numerical 
proportion any other. Thus, of above eighty Dicotyledo- 
nous orders* examined in all, no less than 1285 genera 
have quinary flowers associated with alternate leaves, and 
this is exactly what one would expect according to the 
theory advanced that 5-merous whorls are cycles of the 
* type. 

As a corroboration is the fact that such whorls often 
have their parts arranged qnincuncially in sestivation (Fig. 
3, a) ; and when they are not so they can be referred to 

♦ I consulted the first volnme of the Genera Plantarum for this 
purpose, which embraces the Thalamijlorce and Calyciflorce. 
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it, aa I have explained elsewbero r • thus Fig. 3 bIiows bow 
ths varieties of imbricate ffistiratians are dedncible iivm. 
the ^ type (tt), by shifting the edge of tlie 2nd member under 
the 4th (b, " vexillaiy "), the Si'd under tbo 5th (c, " imbricat-e 
proper"), and the Ist under the 3rd (i, "contorted "). 

Similarly ternary ortrimeroua whorls are almost nnivoreal 
amongst flowei-B of Monocotyledons, and the ^ type of phyllo- 
tasia is equally common in the foliage. It has been seen 
that the ^ type cannot be deduced from opposite leaves, and 
consequently never occurs, aa fiir as I kno'.v, amongst the 
foliage of Dicotyledons. The comparatively few genera in 
this class with ternary flowers ia therefore in accordance 
■with the views herein expressed; aud where they occur, na 
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in Berherii, there are special features which lead one to 
believe they are not dae to the ^ type at all, but to the 
breaking up of a high continnons spiral into groups of 
threes, as will be explained hereafter. 

If, however, we take a theoretical departure from a 
single cotyledon, as occurs in Monocotyledons, then the next 
leaf can be at either of the limiting positions of the angular 
distances of 180° or 120°, but not less; for if it were leas 
than 120°, there would be fonr leaves in any projected 
circle, and this would immediately introduce a member of 
the series J, ^, ?, etc., as shown above. The consequence is 

• See 107 paper, Ob Ike Origin oj Floral ^alivatiuns, TranB. Lin. 800., 
Xnd series, Botuit, toL i. p. 177, 
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that the } and J types are exceedingly eommoD in tlie foliage 
of Monoeofcj-ledons, while the |, as far as I am aware, is 
entirely wanting in that class, whether in foHage or flowers. 

Of genei-ft having alternate leaves but associated with a 
binary or quatemavy floral symmetry, there are aboot '270 in 
nuniberof about 30 oriiers. Now, the co-esistencB of alternate 
leaves with 2- or 4-meroii8 flowers appears at first sight to 
negatiTB the theory; bnt, as mentioned above, these &nd 
other irregularities have been brought ahnnt by flubseqnent 
differentiations in the foliage or fl.owers. On the other hand, 
opposite leaves with qaaternary flowers are not at all in- 
frequent, though not quite ao common as when they are 
alternate ; thus, Oleacem and Onagracem are ao conditioned. 
Again, in Itosacem, which is an order characterised hy having 
alternate leaves and 5-merous flowers, three genera alone 
ont of seventy have opposite leaves, and these three also are 
accompanied by 4-rnerous flowers ; viz. Ehodofyput, Coleogyne, 
and Eucryphia. These three genera thus acquire their 
importance fi'om being isolated amongst others to which 
they are allied, and which are generally otherwise charac- 
terized. Many orders have both foliage and floi-al symmetry 
remarkably inconstant, and all four combinations, viz. 4- 
meroua and 5-merous flowers with opposite or alternate 
leaves almost indiscriminately, as in tho tribes Diosmem and 
BnrosmeiB of Riilaceiv ; and it is a noticeable fact that, 
associated with this inconstancy of correlation, there is an 
inconstancy in the leaf arrangement, opposite and alternate 
leaves being often in species of the same genns, and even on 
the same individual plant. 

The total number of genera noticed afi having 4-meroTia 
flowers and opposite leaves was 110 in 25 orders ; whereas 1 
noticed 276 genera of 30 ordera as having 4-meroos flowers 
associated witb alternate leaves. This, I believe, is dae to 
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Bufaseqnent differentiation in the folinge to an alternate 
condition, the qufttercary condition of the flowers remaining 
unaltered. 

Similarly with the last condition, I found 212 genera of 
30 orders with a quinary arrangement of the flowers corr 
lated to an opposite coudition of the leaves, this being e 
apparent anomaly of the same kind, but wliieh is, however, 1 
be interpreted in the same way. Thus the Labiati^ are coi 
Btantiy S-merons in the flowers, but with as eonatantly 
opposite leaves. Now, if we contrast this order with Scro- , 
phularinecE, we find a similar constancy in certAin genera i 
only, as in Bhinanthus, etc. ; while other genera have alter- ' 
nate leaves as Linaria, I/igitalia, etc. 

There is an alternative o£ interprelationa of this fact, for ' 
both can be illostrated in natui'e. Either all the pentamcrous 
flowers have been deduced fi-oni alternate leaves (as may 
have been the case with Rhinanlhus and Labiahv), the leaves 
having sabseqnently reverted to the original or ancestral 
state of opposition; or else, the 5-merous character of the 
flowers has arisen by a sudden clianye (possibly due to the 
stimulns of insect agency) from opposition in the leaves or 
bracts to an alternate arrangement in the parts of the flower. 
As an illustration of this latter process may be mentioned 
the development of the Ave sepals of Deuhia as compared 
with the four of the allied genus PhiladeTpkus. In this 
latter gcnns the anterior and posterior sepals appear 
togethei", Bubaeijoently the two lateral arise simultaneously. 
In Deuhia, however, the two anterior sepals correspond to 
Nos. 1 and 3; two sepals are lateral, viz., Nos. 4 and 5; 
and the posterior sepal is No. 2. Thus the opposite and 
decussate pairs of sepals of Fhiladelphus would be repi-e- 
sented by the figures 1 and 2, 3 and 4. If these were to 
break np info a quincuncial spiral and shift their positions. 



18 THE STRUCTURE OF FLOWERS. 

they would, with the addition of one more sepal, assume 
those represented by Deutzia. 
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Pbiladelplius. 

Exactly the same procedure occurs in the change from 
opposite to alternate aiTangements of leaves in the Jeru- 
salem Artichoke, as I have explained in treating of the 
varieties of leaf-arrangement in that plant. 

Calycanthus is another instance illustrating an abrupt 
change from an opposite condition of the leaves to the ^ 
type in the bracts enveloping the flowera, and which then 
pass insensibly into sepals and petals. 

Symmetrical Increase and Decrease in Floral Whorls. — 
As another instance of variability adding further complica- 
tions, it may be observed that in both kinds of arrangements, 
namely, of those plants possessing alternate and those pos- 
sessing opposite leaves, there are many genera whose floral 
symmetry ranges from one to some higher number in the 
different species of the same genus. Thus 4-5-merous flowers 
are especially common. I found it so in more than 100 genera 
of 23 orders examined among alternate- leaved plants ; and 
58 genera of 19 orders among those with opposite leaves. 

Again, some genera have species the whorls of whose 
flowers range from 3 to 5 or 6, or from 4 to 6 in the number 
of parts ; others from 5 to 7 or 5 to 8, etc. In these 
cases it is often quite impossible to explain what has been 
the immediate causes prodacing such variations. The only 
interpretation that can be given is that the primary sym- 
metry having been originally determined by phyllotaxis, it 
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jhaijgeB, whether in the indiTidual or in its descendania, k 
through the law of " symmetrical increase or decrease." B 

s I mean that the unmber of sepals, petals, and stamei 
often vary together from the typical number by the addition 
r subtraction of a member. Thus, in a single corymb of 
n Elder, 4-, 5-, 6-merons flowers may be often found ; 
Jarly, while early blossoming Fuchsias may bear 3.m 
flowers, they are replaced later by the regularly 4.n 

;s. Although these changes frequently oucnr i 
plajit, they usnally are not permanent. Yet they o 
appeal' to have become so, as in the terminal flowers 
and Monotropa,. On the other hand, the tonafant o 
and, therefore, specific character of 4-nieroiia fl 
Poientilla Ti>rmenlUla, and S-merona in TiUcei 

)uld be inclined to attribute to the fixation of a symme- 
trioal reduction, which has taken place from the permanent 
5-roeroQ8 type so characteristic of Fotentilla, and many 

nera of the Crasmlacem. Not infrequently the difference 

number is pronounced by systematists as generic; thus, 
while Rtibia. has 5-meroua flowers, Oalium has 4-merons. A. 

milar difference lies between Ruta and Suplophyllum.* 
If a cause be looked for, it would seem to be merely a 
question of nutrition. If the symmetry varies in the same 
plant, it is obvious that a coi-olla of four petals could not 
have been provided with the same amount of nutritive 
material as a S-mei-ous one. Bat if it be a specific character, 
as in Tormentil (which, it may be observed, affects the moi-e 
or less barren soil of heaths), then the change has become 
fixed and is now hereditary. 

* By mailing the ejB through the aj-tiBcial keye at the commeDoi 
ment of the Ordera in the Genera Flantariim of Benthftm and Hooker, 
will be seen how frequeutly these authora regard the unmber of parts i 
tbe CaljK and Corolla as a prominent generic oliaracter. 
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TJSSTMMETRICAL DeCHEASE IN CEliTAlN FlORAI. WhORLS. 

Another modifying cause of the change of symmetry its 
the adaptation to insect or other agency for fertilisation. 
This I believe to have played a most important part in modi- 
fying flowers, as will be explained more fully hereafter, more 
especially in affecting the Androacium and Gyncecium, than 
the Perianth, as far as " nnmber " is concerned, this latter 
organ being altered by their agency, more especially in Form. 
Thus, the loss of one ur more stamens is very characteristic of 
certain groups, as in the LabiattE, when the remaining mem- 
bers of the andrcecium become altered in length and position 
BO as to facilitate the intercrossing of distinct flotrers. 

On the other hand, with inconspicuous and cleiatogamous 
flowers, there is a strong tendency to reduce the number of 
stamens, as in Cliickweed to three, the allied species S'ellaria 
Holostea bsTing ten. Similarly, in the cleistogamons flowers 
of Violets they are sometimes redneed to tliree or two ; aiuca 
a very small amount of pollen is really quite sufficient to 
fertilise a considerable number of ovules. 

The gyntecium has very frequently a less number of 
carpels than the other wborla have parts. Now, the piimary 
effect of intercrossing is to enhance the size of the coi^olla 
and to give a preponderance to the andrcecium. On the 
other hand, one result is to check for a time the growth and 
development of the gynceciura of moat insect- visited herma- 
phrodite flowers, i.e. to render the flower protandrous ; and 
I strongly sospect that the generally reduced number of 
carpels in highly differentiated flowers — m of the Gamopetalce, 
in comparison with the Thalamiftorte and CalycifloTo: — is cor- 
related to the fnct that they have been for many generations 
■visited by insects. This idea is sopported by the fact that 
bicarpellary genera sometimes tend to restore the ancestiul 
number of the Ave carpels, as is occasionally the case in 
Gesneria. 
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In some cases, nature seems, as it were, to try and com- 
pensate for the loss of the carpels by an increase in the 
quantity of seeds. Thus, while no Labiate flower has more 
than four seeds, it has been ascertained that a Maxillaria 
bore 1,700,000 seeds ; and I found by calculation that a single 
plant of Foxglove yielded a million and a half apparently 
good seeds. 

The relative advantages of having many or few seeds 
will be discussed later on. 

Illustrations from RANUNCULACEiE. — Certain genera of 
the Banunculacece are particularly instructive in showing 
how members of the floral whorls originate in phyllotactical 
methods, but are more or less 
altered in their positions by the 
lateral union of their fibre- vascular 
cords ; so that they become ar- 
ranged in superposition instead 
of being alternate, or vice versa. 
Thus, in Garidella (Fig. 4) (with 
which Hellehorus fcetidus partly 
agrees), the sepals and petals are 
both arranged, and arise succes- 
sively, in quincuncial order; the 
petals being (correctly, in accord- 
ance with phyllotaxis) superposed to the sepals. The an- 
droBcium forms a whorl of eight stamens, and represents 
a cycle of the f arrangement ; the proper angular divergence 
of 135° is, however, not retained, in consequence of the fibro- 
vascular cords being intimately connected with those of the 
petals. Having thus established the first whorl of eight, the 
rest of the staminal series follow on the same radial lines. 
By referring to the diagram (Fig. 4) it will be seen how the 
stamens of the outermost whorl group themselves in super- 




Fig. 4.— Diagram of Garidella. 
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perposed to ther 
m th stamens and carpels form a continaona 
t d by I, or approximately by -g. lo some 
1 IG stamens, and the firab carpel being 
t od superposed to the sfaraens No. 9 and 
^ No. 1. In another case 18 

stamens were developed, bo 
that the first carpel stood 
superposed to stamen No. II. 
Hiillehorua niger (Fig. 5) 
has five sepals which emerge 
and are arranged in quin- 
5 cnncial order. There are 
twenty-one nectanfoiin pe- 
tals, i.e. one cycle of the 
j^-f arrangement, gronped aa 
in the accompanying dia- 
gram. The petals 1 to 8 
and 9 to 16 wonld correspond approximately to two cycles 
of the f type. Radial rows of stametia then follow on the 
same lines as the petals. 

Eranthis hyemalis has, as usually regarded, a 5-8-merons 
coloai'ed calyi. A pair of staminodea sland snperposed to 
each member of the outer whorl. Slamens follow along the 
radial lines, of which six terminate in carpels. 

Aginlegia vahjuris, or the Columbine, lias the sepals, as 

• A). Brann on Delphiniitm (Pringsheim'fl Jnhrb. f. JViss. Bot., 1857, 
i. 206), referred to by Hentrey, Murpkoi, of Bahaminex, Joum. of Idn. 
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usual, qainctificially arranged. Tlie petals appear simitl- 
taneously, alternating in position to tlie sepals. The staraena 
occur in ten rows, 5 being superposed to t!ie petals and 
5 to tbe sepak; and, lastly, 5 carpels appear superposed 
to the petals. Tina flower, then, adopts the more usual 
chai-acter o£ alternation in tbe wlioi-ls. But it may be noticed 
that while the corolla alteraatea with the calyx, each of 
tbese outer whorls gives rise to a radial series of stameus. 

From tLe preceding illoatrations, it will now be seen that 
phyllotasia lies at the foundation of the airangements of the 
meinbera of floral whorls ; that the | type prevails in the 
Bepala and petals, with a strict angular divergence of 144°. 
The divergences are, however, subsequently modified in the 
stamens and carpels. Thus, in Hellehorus niger the petals 
clearly represent a whorl of 21 parts, i.e. they are pre- 
Bumably arranged according to the j", type. They are, how- 
ever, BO far modified in position as to become superposed 
to the sepals in gronps. Similarly the stamens form 
series of 21, each being superposed iu radial lines to the 
petals. 

The interpretation of these displacements from what 
would be due to strict, phyllotactical laws is that the 
individual cords of the stamens and carpels are not inde- 
pendent 88 they are lo the " leaf traces " of an axial cylinder, 

re the cord or cords belonging to each leaf are simply 
intercalated side by side with those of the leaves most nearly 
approaching the same vertical line, and constitute together 

common fibiB- vascular cylinder o£ the stem. In tbe 
pedicel, however, the rule is that this should contain at least 
the same number of cords as there are leaves to the perianth, 
or sepals and petals together. Tbese, usually six or ten 
cords, on reaching the floral receptacle are sent off reppec- 
tively as the cords of the sepiils and petals ; whej 
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these latter which by lateral or radial " chorisis " supply the 
cords required for the stamens and carpels 

The consequence is that the essential organs have their 
cords issuing from a common stem with those of the perianth. 
Thus they are compelled to stand superposed to them. 

Perliaps the word " compelled '* requires a word of ex- 
planation. The cord of any organ superposed to another 
may be given off either by radial, i.e. lateral, or tangential 
chorisis from the cord of the latter. Instead, however, of 
the new lateral branch giving rise to an organ by the side of 
the former, it results, partly from the close proximity of the 
two and partly from the tendency of the remaining cords of 
the cylinder to " close up," that the new member finally 
takes up a position in front of, i.e, superposed to, the one 
whose cord has given rise to it. When a cord is separated 
by tangential chorisis, as is so often the case with staminal 
cords, then the resulting organ must necessarily be super- 
posed to the one, from the coi'd of which it has been 
detached. 



CHAPTER III. 

THE PRINCIPLE OF NUMBER — Continued. 

Illustrations of Special Numbers. — It will now be advisable 
to give examples of particular numbers occurring in flowers, 
and attempt to account for them. 

One-membered Whorls. — ^Wbere one part to a whorl is 
only found, it may in nearly every case be regarded as a 
degradation from some higher number. The only instances 
I am aware of in which the calyx seems to consist of a 
single member are some species of AristolocMa. In Musscenda 
one out of the five sepals is greatly enlarged to become an 
attractive organ.* 

One petal is occasionally found. Thus, four genera of 
Vochysiaceoe have each only one petal to their flowers ; but 
as the sepals are five in each of the seven genera of this 
order, and the petals range from one to five in number, the 
inference is clear that the solitary petal of these four genera 
is due to the arrest of the others. 

One stamen occars more frequently ; as in JSippuris^ 
CentranthuSf Euphorbia, Casuarina, Orchis, Canna, Lilcea, 
Lemna, etc. As allied genera have more than one, and it is 
accompanied by other signs of degradation or metamorphosis, 

♦ If there be one external foliar organ only, it is regarded as a bractt 
as in Willows and Aponogeton. 

5 
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there ia no donbt but that similar processea will account for 
one stamen as for one petal. Thus Hipparit with one, ia 
allied to MyriophyRam, with four; while Centranthus has one, 
Fedia baa two and Valeriaiia three. 

Camarma alone seems to raise a. doobt of its hein^ 
degraded and possibly a primitife form ; but thia is aolely 
becaase it has no living allies (eicepting perhaps ifyrica). 
The terminal stamen would not bo of itself a point of 
importance, aa it has a parallel in Euphorbia ; but it is its 
isolation without affinities, its peculiar eqaieetum-like habit, 
which seem, to indicate gi'eat antiquitj, bo that no inference 
can fairly be drawn to interpret its present moaandi-ona 
condition. 

Amongst Monocotyledons, Canna is clearly monandroua 
by petalody of the other stamona, Orchis by metamorphosis 
also. Lastly, Naias, Caulinia. Zostera, Zannichiella, and Lemna 
are in all probability greatly degraded forma from higher 
plants, degradations being the usual effect of an aquatic life, 
and not primitive types of Monocotyledona. 

One carpel is not at all uncommon, aa in tbe Leguminoste. 
As Affonsea has five, the absence of four in thia order ia no 
doubt due to arrest. In tho tribe Berberew, however (if my 
interpretation be correct, of the origin of the seven whorls 
of three each constituting tho flowers of Serheris, aa explained 
below), the one carpel may he the last of an originally 
continuons spiral, formed from eleven pairs of opposite leaves, 
now broken np into seven ternary whorls, with one over. It 
may, however, be the remaining one of three, which possibly 
constitutes a ternary gyncecia! whorl, which is characteristic 
of the tribo Lardizabalece of the same order Berheridete. 

DiMEHOTis Whorls, — A dimerous arrangement is not par- 
ticularly common, though a quaternary calyx i 
its development, as the sepals emerge from the axis ii 
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ceasive pairs.* The following may be taken aa illastrative 
instances. The eepals of Papaver and Famaria, the outer 
Btaniens of Gruc^ero). In Gircma all the whorls are dimerona, 
in Oleacece the essential organs alone, aa also in Pingaicula, 
Salvia, Veronica, and Salix diandra. 

The question arises, is this number two an original one, 
or has it arisen by arresting somo parts of a moi'o nunici'ouB 
whorl P It is obrioualy so with Salvia and other genei-a of 
the LahiatcE, where mdimentary stamens are present. So 
also with Senehiera dlilyma where tlie two stamens take the 
place of the four larger ones of other genera of the Oraciferm. 
It is probably so with the two imbricate sepals of Poppies, 
those of P. orientate being often increased to three, which 
seems to be a tendency to revert to a more primitive and 
higher Dumber. 

With such plants, however, as Oirctea, the Ash, and Tero- 
Mtfa, "which have retained opposite leaves, the dimerous 
whorls Tiiay be a primitive condition. This idea is ostensibly 
supported by the fact that the outer whorls of the flowers 
are qaatemavy and not quinary, since, when this is the 
case, the sepals always issue in pairs fiwrn the axis, and not 
simaltaneously aa do the petals ; but as long as no rudi- 
mentaiy organs exist, there is nothing to disprove the idea 
that in these genera the number of stamens may not be dno 
to degradation. Indeed, all analogy would lead one to 
suppose so in most cases, as of CiTCtna and Veronica: the 
binary whorls of the former genns, and the quaternary outer 
and binary inner whorls of the latter, being presumably due 
to " symmetrical reduction " from the prevailing quaternary 

" Though the antero-poBterior Bppals of crncJfBroua flowers aro 
regarded as the moat external, it ia reallj- tbe lateral ones which ars 
first provided with fibro-vaBcular cords from the oomplete oblong 
oylinder in the pedioel, jnst as iu Cleorno (see Fig. S, p. 32). 
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type of the Onagracece and quinary of the ScwphMlarineta 
respectively. 

TitiMERors Whorls. — The nmnber three is BtroDgly 
chRj-aeteristtc of Monocotyledons, and appears to be in this 
class tho immediate result of the ^ phyllotaxie. In Dicoty- 
ledons, however, there are certain orders in which it prevails, 
and it will bo noticed that the number of parts in those 
orders is generally much increased ; as in Magnoliaeem,* 
Anonacece, UerberU, Laariis Ctmiphura, Bamex, etc. In some 
the androjcium and gyncccium are so increased in number 
that they cease to be whorled, bot have become spirally 
arranged on a more or leas elongated I'eceptacle and are 
repi-esentod by the fractions y'V or /y.* 

It has been demonstrated above that a peatamcroua 
arrangement is undoubtedly due to the ^ phyllotasis, eaoh 
whorl constituting a cycle ; but if the fraction be a higher 
one, as i^j or ^V- then the number of parts in a cycle are too 
great to be comprt^ssed into a whorl. Nature appears then 
to adopt another method. Falliug back upon the law that 
with these arrangements no part of tho continnous spiral, of 
sufficient length to constitute a complete circle when pro- 
jected upon a plane, ever coutaina more or less than three 
leaves (excepting the ^ type), the series is now broken up 
into a succession of ternary whorls, the whole forming the 
complete flower, and, being taken together, corresponds to 
about or exactly one cycle of a high type. Thus Barberry 
has 3 braj^ts, 3 -)- 3 sepals, 3-1-3 petals, 3 -)- 3 stamens 
and one carpel; that is, seven lehorh of throes or twenty-oiie 

■ In Magnolia an mdiridnal complicQtion ia introdDoed, in that tbo 
immonso nnmber of stamens and carpola is aecnrcd by donbling the 
whole number attribntoble to the ^ arrangoment. Consequentlj-, ioBtead 
ol there being five and eight "Becoodary spimla," tliere are ieit in one 
direction aud sixteen in the other. 
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and arranged spirally, they would be repre 
then there would be eight coils in the cy 
of seven and not eight whorls is due tc 
reaiTanging them, so to say, in a verticillate manner, and by | 
necessarily shifting the position of the parts, a certain por- 
tion of the spiral line is lost in forming each whorl, as the 
angular divergence between two parts in a whorl is 120°, 
but on the spiral it is nearly 123° ; so that by the time the. 
twenty-first organ is arrived at, only seven circles have beea 
completed. 

Similarly, in Rumex, if we supply the theoretically lost 
corolla, the flower would consist of twenty-one parts exactly.* 

Another and somewhat frequent origin of the number 
three in Dicotyledons is due to what I have called sym- 
metrical reduction : when not only the different species of a 
genus may have the number of parts of their floral whorla 
ranging from 5 to 4 or ;i ^ but sach variations may occur on 
the same plant. Thus Rutacece (following the Gen. Plant.) 
has Si genera with 5-mei-oua flowers; 18 genera with species 
varying from 5 to 4-TOerons ; 16 are 4-meroas ; 3 I'ange from 
5 to S-mei-ous ; 2 from 4 to 3.merous, and 1 is 3-merous. 

Tetkameiious Whorls. — That a true quaternary arrange- 
ment is dne to an opposite condition of the foliage seems 
boroe out by statistics, though quinaiy flowers ai'e not at all 
nncommon as well. Thus of Ilutaceiv there ai-e G genera 






opposite 



jie leaves and 4-inerous flowers ; 2 only ' 
5-merou8, &nd 2 with 4.5-merou8 flowers. On the other 
hand, there are 25 genera with alternate leaves and 5-ttieruus 
flowers. 

■ High spirals can be otliGririae treated, as in the case of nimnnart. 
thus, where wbuda of fives are made oaC of a spiral aystem ot ^ (see 
below, p. 38). 
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Another correlation with a qnatemary arrangement is a 
not nnf requent valvate condition of the sepals at least, or of 
the sepals and petals as well. These conditions prevail, for 
example, in Oleacem, OnagracecBy and, with the exceptional 
genus, Clematisy of the Banunculacece. Too mnch stress 
must not be placed upon this coincidence, as, if the petals 
be enlarged through insect or other agency, the valvate 
fiBstivation is often lost, and the petals become imbricate, as 
in Fuchsia^ Godetia, etc., though it is there retained in the 
sepals. This valvate condition is foreshadowed in the ver- 
nation of the foliage ; in that opposite leaves are almost 
invariably valvate, having the two upper surfaces of the 
leaves pressed together, as may be seen in Hypericum and 
Vinca ; or else with the edges induplicate, as is characteristic 
of Gaprifoliaceoe, resembling the sepals of Clematis,* 

Though the Onagracece have a preponderance of genera 
with 4-merous flowers, there is in this order great variation 
in the foliage. It is strictly opposite in Fuchsia and others, 
but 14 genera out of a total of 22 have alternate leaves, while 
with some, like Epilohium, it varies on the same stem. This, 
I think, reveals the fact that the 4-merous condition has been 
first established in the flowers, and subsequently the foliage 
has varied from an opposite to an alternate condition in 
certain genera, just as it does in an individual plant of 
Fpilohium, 

That symmetrical reduction has elsewhere played an 
important part in the origin of 4-merous flowers, is a sup- 
position fully borne out by facts. • In some cases it has 
seemingly established itself as a permanent character, so that 
systematists recognize it as generic or specific, accordingly, 

♦ See a paper by the author, On Vernation and the Methods of 
Development of Foliage as protective against Radiation, Journ. Liru Soc. 
Bot., vol. zxi., p. 624. 
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as the case may be; this, Haplophyllum may be compared with 
Buta, Ruhia with Galium, or, again Fotentilla reptans with 
P. Tormentilla, etc. On the other hand, I repeat, when one 
observes that of the 71 genera of Bosacece three only are 
recorded in the Gen. Plant, as having opposite leaves, and 
these three are characterized as having 4-meroas flowers, viz. 
BihodotypuSy JEucryphia, and Goleogyne, there appears to be 
a significant correlation between quaternary flowers and 
opposite leaves. 

A quaternary arrangement is found very exceptionally 
in Monocotyledons, as in the order Naiadaceas, e.g. Tetron^ 
cium and Potamogeton, As the numbers 6 (i,e. 2 X 3), 4, 
2, and 1 are found in different genera, the quaternary 
as also binary arrangements may, I think, be reasonably 
referred to symmetrical reduction. 

Perhaps of all orders the quaternary arrangement (at 
least in part) of Crucifers has raised more discussion than 
any other kind of floral symmetry.* 

Without entering here upon any lengthened discussion 
I would only add that, as far as investigations into the 
anatomical structure of the pedicel is concerned, there is a 
decided difference from what occurs in most flowers having 
a definite number of parts, and where the whorls are 
regularly superposed to one another, in that the members 
of the whorls not being for the most part on common radial 
planes, they have not their cords fused tog^ether in the usual 
manner in a radial direction. 

A section at some distance below the flower reveals four 
or five cords forming a circle. These rapidly increase in 
number by branching laterally, till between ten and twenty 
are found arranged in an oval just below the flower. Two 

* See my paper On the Structure of a Cruciferous Flower, Trans. 
Lin. Soc, 2nd series, Botany, vol. 1. p. 191. 
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cords, one at each end of the long axis, now part company 
from the rest, and enter the lateral sepals (Pig- 6 (a) i.e.), 
the ante ro- posterior sepals next receiving their coi-ds (a.s. 
and^.s.). The cylinder tends to close up, and four groups 
sitnato at the comers of the oblong cylinder supply cords for 
the petals, p. The two honey-glands neit put in an appear- 
ance, G. They are merely cellular expansions of the floral 
receptacle, and are entirely devoid of cords, and therefore 
not rudiments of appendages. The two lateral stamens next 
receive their cords, l.st., while foui- other cords are giver 
from beside the petaline for the taller pairs of 



I 




1 



Fig. 6 (fc) shows how their cords diverge below and spring 
from the sioe of the petaline cords, while extra cords arise 
between them to form the marginal cords of the carpels (iit.c.). 
From tliis it will be seen that the longer stamens cannot be 
formed by " chorisis " of a common intermediate cord ; but, 
like those of all other membera of the flower, their cords are 
separated from the common fibro-vascular cylinder of the 

The conclusion suggested by this investigation, and by a 
comparative study of Capparide<e, is that a cruciferous flower 
is not reducible to an originally quaternary type at all, but 
to some higher one. In my paper referred to, I suggested a 



THE PRINCIPLE OF NUMBER. 33 

quinary ; but I am now more inclined to refer it primarily to 
an indefinite spiral series referable to the y% or ^ type, 
whicb has been reduced, perhaps through insect agency, by 
symmetrical reduction to the present anomalous condition. 

The process of transition from a hypothetical indefinite 
number of stamens to the present hexandrous state may be, 
perhaps, seen by comparing the three genera of Capparideoe 
— Capparis, Polanisia and Cleome, The first has many 
stamens and six placentas, which are sometimes reduced to 
two. Polanisia has eight stamens, or more rarely six. Their 
situations correspond exactly with those of the Cruciferce^ 
except that, when there are eight, there are four on the 
anterior side instead of two. 

- Lastly, Cleome brings us to the same structure as in the 
CruciferoB with even the tetradynamous condition of the 
stamens ; the elongated torus below the pistil being about 
the only ** capparidaceous '* feature left. 

It is not at all uncommon to find more than six stamens 
in cultivated plants of the Cruciferce, and when this is the 
case I should be inclined to regard it as a tendency to a 
reversion to a higher ancestral number. 

On the other hand, the close proximity of the two taller 
ones on each side not infrequently brings about some degree 
of cohesion between them, with an occasional arrest of half 
an anther. This has led some to suppose that the pair have 
resulted from chorisis. Since, however, their cords diverge 
downwards to the right and left, and run down beside the 
petalline cords (Fig. 6, fe), this clearly proves that the union 
is a result of close contact, and that the normal separation is 
not due to chorisis, but to a primitive freedom, which has 
been retained from a multistaminate condition. 

Pentamerous Whorls. — These are by far the commonest 
amongst Dicotyledons. And as an enormously greater pro- 
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popfcion oF plants ia thia class have alternate leaves and^ 
5-mGrou3 flowcTs, thia correlation alone would be almost 
sufficient to prove that the latter issued out of the com- 
monest or J type of pbyllotasis. But since the aepals are 
BometimoB decidedly qninc uncial, as are those of Digifalis, 
and the petals fi'equently so, we have undoubted proof that 
they represent cycles of thia angulai' divergence. 

As with other uunibcra, fives may arise by symmetrical 
increase from fours, or decrease from sixes ; though in by 
far the greater number of instances it is a primitive number, 
as stated above. Aa a i-are instance of symmetrical decrease 
may be mentioned Lythrum Salicaria, whicli has nanally the 
centra] floret of each axillary cyme 6-merou8, but the lateral 
ones only 5-merou8. As an instance of five parts to a whorl 
araoDgst Monocotyledons, nxay be mentioned the stamens of 
Strelitxia regina; but this number is obviously due to the 
suppression of a stamen. 

Although whorls of fives are cycles of the f divergence, 
and usually follow after an alternate aiTangement in the 
foliage, yet it is quite possible to change abruptly from. 
opposite leaves or bracts to whorls of fives in the flower, aa 
may be seen in Hypericu'm and Dianlhus. This arrangement, 
as I have elsewhere shown, is that most easily acquired 
when opposite and decussate leaves become alternate by the 
development of intemodea (see pp. 11 and 18). 

Hexamerocs WnoRLS. — A floral whorl of six parts is, in 
most cases, as amongst Monocotyledons, the result of the 
combination of two whorls of three each — as the andrtecium 
of Berberis, Tulip, or perianth of the Lily of the Valley, It 
may, however, arise from symmetrical increase, as, for 
example, in the ordera Meliacece and Oladnem. In the 
former, there are 18 genera with alternate leaves and 
B-meroua flowers; with 4-5-merou8; 4 with 4-merons; 
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4 with 5-6-taeTOiia, and 1 with i-C-mei-oas whorls in the 
different species. In Olacinem, of 36 genera, 17 have alter- 
nate leaves and 5-meroQs flowers ; 7 have 4-5-merong ; 4, 
5-6-ineroua ; 2, Ij-raerous, and 1, 4-6-merons. 

As sis leaves cannot form ft cycle of any of the ordinary 
lands of phyllotaxis, this wiil account for its rarity ia 
nature ; and indeed it niaj probably, without exception, be 
divisible iuto two whorls of three members each, escept in 
the case of symmetrical increa8e from five. 

HEFTiMEROUH Whorls. — Like the number 6, 7 is a very 
rare one ; and when present appears to be due to its being o, 
primitive number or to symmetiical change. If any wborls 
are dedncible from decussating verticils of threes, a cycle 
may contain seven parts, as the p by Ho tactical series arising 
from the breaking up of such verticils into a contiunoua 
spiral arrangement is repreaented by ^, J, f, -j^, etc. So that 
if leaves on a plant were in whorls of threes, as occurs in 
Bome instances, and not opposite, aa in the primitive type 
amongst Dicotyledons, then a hoptamerons aiTangemeut 
would occur. If, therefore, there be any existing illusti'a- 
tlon, it must, by the very nature of the case, be exceedingly 
rare. It sometimes occurs in Trientalis ; and when this is 
the ease, it may possibly have arisen as here suggested. 
According to the description given of this plant in the 
Genera Flanlarum, the numbers of the three outer whorls 
range from 5 to 9, the capsule being 6-valved. The leaves, 
on the other hand, are " atepe tot quot petala snbverti- 
cillata." 

I A second cause is arrest. This obviously accounts for 
the 7 anthers in Pelargonium, for the 10 filaments are present. 
A thii'd cause is symmetiical change. lAjlhrum Salicaria 
illustrates this as already mentioned. This flower is some- 
times described as 6-meious, but it is not always so. The 
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central floret of tbe cyme has often a higher nnmbep than tbat 
of the lateral ones ; bo that if they be 6-merona, the central 
flower win be T-merons. Agapatdhiu, amongst Monocoty- 
ledons, is another inBtance, its flowei^B ranging fi'om 6 to 8 ia 
the number of parts in the whorls. 

OcTAMEROUS WiiORi.fi. — A whorl of eight parts is not 
common ; but it appears in Chlora and in the corolla of Dryag 
oclopetala, in which it Tnay be a cycle of the J phyllofcasis. 
In other cases it is a combination of two whorls, which, as a, 
iiile, can be easily distinguished as the stamens in the Ona- 
grace(f.f or it may be duo to symnietrical change. 

Enneimerous Whoki.s. — The nnmbev 3, like 6, 7, and 11, 
corresponds to no cycle of any one of the usntil forms of leaf- 
arrangement, and is proportionately rare. It may occur as a 
combination of three cycles of thi'ee each, and perhaps this 
will account for it when it occurs in Trimtalis, and the 
androffciam of Mercunalis. The stamens of Butomus are 
also nine in nnmber. 

TtECAMEBOUS Whori.s. — Tlie number 10 never occura 
except as the union of two whorls of five in each, as in the 
andrcecium of Leguminogm. 

Endecameroiis Whorls. — Like 7, the number 11 might 
occur if the series \, \, ?, ^, etc., was as frequently repre- 
sented as ^, J, f, f, etc., when "sevens " would bo as abun- 
dant as " fives " are now. I do not know of a case where it 
could reasonably be referred to such an origin. When it 
does occur, as in Ciiphea, it is clearly due to an arrest of one 
stamen through insect agency. Brownea is said also to have 
sometimes 11 stamens ; if so, this would undoubtedly bo due 
to numerical increase. 

DoDECAMEBODS Wboeis. — Tbo nnmber 12 closely vei^s 
on the "indefinite," which simply means a more or less 
uamerons series of cycles of the same kind. Ifevertlie- 
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less, it occnra as a " definite '' ntimbev in several instances. 
The 12 stamens of Li/thrum are, of course, two series of six 
each. Both 12 and 24 are found in the Craasulace<E, as in 
Sempervicuvi, in which genns the petals vary from 6 to 20, 
and the atamena from 12 to 40, This seems to show that in 
the one case they are combinations o£ cycles of threes, in the 
other, of fives ; just as BerberU illnatratea the former, OlUmO' 
nanfhus the latter instance. 

IsDEFiNiTE Whobls. — As 80on a3 we pass from twelve to 
Home higher number, then flowers cease to be whorled, and 
the parts are arranged Epirally, and follow more or leas 
exactly the lawa of alternate phyllotaxis ; interferences occur 
in consequence of the want of apace, some secondary spirals 
being often incomplete. Moreover, since the fihroyaacular 
cords become fused, in other woi'ds biftnch by chorisia, and 
are not independent as of ordinary foliage, parta take up 
slightly different positions to what they would if they could 
strictly follow phy Ho tactical laws. 

I have alluded to what I call " symmetrical increaae and 
decrease " aa causes of variation in the number of parta of 
whorls ; and what brings abont these variations in namber, 
is an excesa or deficiency of nntriraent and vital activity 
respectively. There are innumerable esamplea of all the 
above kinds of ebangea in number. In fact, if any one or 
series of 'whorls of a flower be M-meiwus, it may become 
* ± !c-meronB, and will give rise to symmetrical increase or 
decrease accordingly ; or again, three whorls of the same 
flower may become n ±. x, n ± y, n ± a-merons ; when all 
. numerical symmetry between them will be destroyed. 

Similarly, if the parts be spirally arranged, the nnmher 
may vary from the prevailing one by increasing or decreasing 
he length of the spiral, both in flowers of the same plant or 
Q different apccios of the same genus ; as, for example, may 
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be seen bj comparing the number of stamens in a large- 
flowered form of Banunculiis aquatilisy with the small- 
flowered E. Jiederaceus ; or one genns with an allied one, as 
Ranunculus with Myosurus^ in which the stamens are reduced, 
often to one whorl of five only. 

Lastly, just as high spirals can be broken up into ternary 
whorls, so can the arrangement ^ be separated into whorls 
of a lower series, as of 13, 8, or 5 parts respectively. Thus, 
of the two genera, which have opposite leaves, comprising 
the order Calycanthaceoe, Calycanthus illustrates an abrupt 
change from opposite leaves to the ^^ arrangement in the 
bract-like sepals of the flower; but no distinction between 
bracts, sepals, and petals can really be made. Chimonanthus^ 
however, would seem to be a moi*e highly differentiated type, 
in that, not only is the calyx distinguishable from the corolla, 
but five exterior stamens constitute a distinct whorl by them- 
selves, and the indefinite barren ones of Calycanthus are here 
reduced to five ; so that, omitting the pistil, the flower con- 
sists of four distinct pentamerous whorls. 



CHAPTER rV. 



OF ABRANGEMENT. 

SiTPEBPoaiTios AND ALTERNATION OF Whoelb. — It lias teen 
already observed that leaves are arranfifed on two metbods, 
either being on the same plane, i.e. opposite and verticillate ; 
or with only one at a node, i.e. alternate. If the 6bro-vascular 
cords passing from the leaves into 
the stem be traced downwards, 
those belonging to the leaves i 
situate in one and the same ver- 
tical line always have their lower , 
extremities inserted laterally and 
not actually conBaent in that line, 
as will be seen in Fig. 7, taken 
from Hanstein's researches." 

This fact is true, not only for 
foliage and bracts, but also to 
some extent for sepals and petals. 
When, however, we trace the *J: 

origin of stamens and carpels, we ^'Hl^'a^i^'un 
6nd that their eords, instead of m^"*")' 
being inserted separately into the fibro-vascnlar cylinder, 
generally arise by branching, or by the ao-called " chorisis " 
• De la Conneat'oTi qui existe entre in Disposition dea Feaillei et la 
Btruelare de la Zone Ligrieuse des DicalyUdiiie, Ann. dea. Soi. Nat., 1° 
alx., torn. 8. 
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of the cords belonging to the sepalfl or petals, or from both ; 
and aimilarly the dorsal coi-ds of the carptls branch off fi'om 
tho same stem na that of the sepals or petals, very rarely 
fi-om both at once. Simultaneously with the dorsal, two 
marginal coi'ds pass up directly into the placentae, having 
originated in the same way; and, in bo doing, the floral re- 
ceptacle usually becomes extinct, and takes, as a rule, no 
further part in the construction of the central portion of the 

Starting, then, with these two fundamental sonrces of tbe 
various arrangements of tho parts of flowers, we may first 
observe that of opposition or superposition and alternation, 
the former, if represented by decassate paii'B of appendages, 
is the most piimitive type. This is seen in many quaternary 
flowers in which the sepals emei'ge in snccesaively decus- 
sating pairs. Such opposite leaves being foreabadowed in 
the ootyledoGS of exogeua. 

The next, or i-ather the first stage of differentiation is 
seen in the spiral condition which obtains in many flowers, 
mostly represented by the J and | typos : thus, e.g., ^ repre- 
sents the arrangement prevailing in petaloid Monocotyledons ; 
and all pontameroua calyces issue in a qnincnncial manner. 
In Sahia, the petals follow continuously with the sepals in 
the same spiral line, so that the first petal is superposed to 
the first scpaL These whorls accordingly represent two 
cycles of the J typo, as seen above in Garidella (p. 21). 

By far the commoner condition is to break up the spiral 
into cycles, say of five parts each, and then to shift their 
positions, so that they become alternate instead of superposed. 
Now, such a decnssate arrangement is nsually described as a 
fundamental law, not only governing opposite and verticillate 
leaves, bat floral whorls as well ; and particular stress is 
laid upon the usual presence of the petaline whorl of carpels, 
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inosmach as tbe law of alter nation is thns cari'led out 
completely, and which may be represented aa follows — the 
hyphens indicating the parts supei-posed to one another — 
Sepal -stam en ; Petal-carpel. 

Fi-oni what has been stated above, the true order of 
arrangement and superposition wonld be — Sepal-stamen- 
cai-pel ; Petal-Btamen-earpel ; and either one of the staminal 
and either one of the carpeliary whorls may be Bnppreased. 
Thus, for eiample, Oxalis, Zygophyllum, Qeraniani, and Buta 
have Sepal-stamen ; Petal-atamen-carpel ; while Limnanihei, 
Coriarea, and Agrostemma have Sepal-stamen-caiiiel ; Petal- 
stamen. As instances where there is but one whorl of stai- 
mens, Campanula and Sermannla have Sepal-carpel ; Petal- 
etameu ; whereas Jiinu-m and Bias-ma have Sepal-stamen; 
Petal -carpel. 

Of these variations, although Sepal-stamen is commoner 
than Petal-stamen, and Petal -carpel than Sepal- carp el,* 
yet these ai-e, bo to say, rather matters of accident than 
otherwise, in that it is probably due to certain exigencies of 
nntritioD, and especially insect agencies, that such variations 
of arrangement exist. 

The important fact mentioned above, that Bor"' whorla 
are projected cycles and not piTmitive whorls, has, as far as 
I know, been entirely overlooked by botanists. Thus, for 
example. Professor Asa Gray remarks on the presence of 
whorls in flowers as follows : " Cycles alternatiiig with each 
other are simply that of verticiltate phyllotaxy,"+ to which 
be refera the opposite, temate, r[uatematB and quinate verti- 
cils. J In the case of leaves, verticils I'epresent uanally more 
primitive types, such as twos and threes, and, from an 
evolutionary point of view, ar\c\i precede alternate and spiral 
arrangements. 

LLe. in EsogenB. t Bat. Tent-Booh, p. 175. t J^.c-. P- '20. 
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On the other hand, whorla of threes, and fives, and others 
in flowers are compressed cycles of spiral arrangements. They 
are, therefore, attempts at simulating anceatral or the verti- 
ciilate conditions, bat cnnnot possibly be primitire whorls 
themselves. That the petals can thns become decnseatiag 
with the sepals is a reanit of the fact that their cords are not 
strictly superposed to and conflnent with those of the latter. 
Tbe total nnmber of cords in the pedicel being usnally limited 
io the same number as there are parts in the perianth, i.e. 
the calyx and corolla together, there is ample room for them 
to arrange themselves at equal angular distances around the 
central medulla of the pedicel. Then from the vascular 
cylinder thus formed, they pass ofE into the sepals and petals 
respectively.* 

The sepals and petals or the two whorls of a perianth 
being thns provided for as to their fibro-vascular cords, the 
stamens and carpels, as already stated, generally depend upon 
these latter for their positions, and various arrangements 
arise according aa the cords of the perianth-leavea give off new 
members or not. Theoretically there should be at least one 
whorl of stamens saperposed to the sepals, another superposed 
to the petals, and two whorls of carpels as well ; but while 
many flowers have both staminal whoris {Caryophyllaas, 
JieguminoscE, Ericacem, etc.), many others, as the QamqpetaicB 
retain only one, and more generally the first formed or 
sepaline, but sometimes it is the petaline, as in Primulacea; 
the probable cause in each case being certain exigencies in 

* That foHar organs poEEesH this power of rearranging thomBetvsii 
according to reqnirementB is evident from other oouBiderationa; thus, 
many plants having freely growing erect BhootB — bb, for ezample, 
tho common Laurel — iiava their leaf-arrangomPiitB repreBeuted by the 
f ractionB | or |, bat wlien extending horizontally, as in the usnal con- 
dition, they are distiohooa. Bimilar featnreB are aeen in the JernaaJsm 
Artichoke, which often changes its phyllotazis on the some Bt«in. 
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the flower, throngli which Eonrishmeiit is withdrawn at ' 
certain places to produce hypertrophy elsewhere. Thus the 
sepaline cord, instead of bearing an anther io Frimula, bifur- 
cates at the angle, and each branch proceeds np the margin 
of a lobe of the corolla, and aida in noariahing the latter, 

Aa a conTerse instance of the sepalire cord undertaking 
a considerable anaoant of work, may be meationed Campanula 
•medium. In this plant the 5-lobed fibro- vascular cylinder 
of the pedicel sends off five cords 
intended for the calyr (Fig. 8, sq.'.) ; 
but, befoi-e reaching the base of the 
Bnperiop sepal, it sends ofF an inner- 
moat and loweafc cord to become the 
dorsal one of the carpel (d. car.}, ' 
which, in this flower, is thus super- 
posed to a sepal. It also sends off 
two, right and left, one for each 
petal alternating with it (^ef.) ; so 
that each petal receives two cords, 
one froni each adjacent sepal, — a 
most nnuBual condition of things, 
for petals have almost invariably 
their own, cords issuing from, the 
pedicel. Lastly, the same sepaline ' 
cord provides that of the stamen 
(it.) superposed to it. In this 
flower, therefore, we can understand why there is no petal- 
ine whorl of stamens ; simply because the corolla does not 
I ita own proper fibro-vascnlar cords to give rise to 



On the other hand, in the Malvacem after the axis haa 
supplied cords for the sepals, others furnish those of the 
corolla; these latter, howevei', by radiaZ division form two 
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to each petal, subsequently dividing iuto several; for tne 
same paii" by repeated tangential diviaion gives rise to tbe 
series of stamene (which huve been thna doubled) superposed 
to each petal, both having arisen from a common cord. 

With regard to the numeraus carpels of Hollyhock, I 
find that the axial cylinder which has given rise to the five 
sepals continues on, and by radial division again supplies 
cords to the carpels, which are grouped into five sets super- 
posed to the sepiils, as may be easily seen if the pistil be 
examined from below. Henco, as the sepaline or petalina 
cords in these flowers each undertake to form a large number 
of extra parts — many stamens in the one case, and many 
carpels in the other — it is presumable that neither sepaline 
stamens nor petaline carpels could be formed. 

With regard to the presence, and consequently the relative 
position, of one whorl rather than the other of the gynceoium, 
it is due to the fact that Bometimes the sepaline cord will 
give rise to the dorsal carpellary, as in Althma and Campa- 
nula; at others, it is the petaline, as in Fuchsia, Sedum, Ini/, 
etc. ; so that the carpels become snpei-posed to the sepals or 
petals accordingly. As iusti'aetive instances of variations in 
this respect occuri'iug in the same family, it may be mentioned 
that all species of Campanula which have E.ve carpels, as also 
Wahlenhergia capensis, Michauxia, Canariiia, and Lighlfootia 
mbulala, have their carpels superposed to the sepals and 
stamens. On the other hand, Mussckia {Campanula aarea, L.) 
Platijcodon (G. grandifiora, Jacq.), and Microcodon have the 
carpels superposed to the petals. 

The fact that either the sepals or the petals can have 
the carpels superposed to them respectively, just as they can 
each have a whorl of stamens, and that, in some few orders, 
the two whorls are actually present, as in Butonwm and 
Juticaginece, led me to assume two whorls as the primary 
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or ancestral number of carpels in an ideally complete 

Beaidcs the usual alternation of whorls resulting from a 

alar and eqnal displacement cf every part of the whorl, 
there may he unequal displacements ; thuB, while Cist'us has 
a pentamerous flower, with strict alternation of its whorla, 
Selianthe'mum has a tendency to be trimorons; first, in the 
two outer sepals being reduced in size, and the pistil to three 
carpels instead of five. In this flower there are five petals, 
but in correlation with the preceding irregularities, it will be 
found that two pairs of petals stand snperjjosed to the sepals, 
Nos. 3 and 5, while a single petal is over No. 4, ; Nos. 1 and 
2, therefore, havo none superposed to them. With i-egard to 
the stamens, it may be added that those of Cislus consist, 
first, of one whorl of five, the most interior and fii'st developed 
pei'posed to the sepals ; and a second whorl superposed to 
the petals, in which the stameuB are groaped into five clusters. 
The staminal whorls arise centrifugally. 

Another cause of a change of order io the whorla resnlta 
from anbsfeitntion of one kind for another. Thus, in the 
,le flower of Zantkoxylon, the five carptls are superposed 
to the five sepals. In the male, five stamens now oecnpy 
exactly the same place aa the carpels, the corolla alternating 
with the sepals in both kinds.* 

The interpretation I would suggest is that the Bepala, 
being the only whorl of the perianth developed, the calyx is 
the only soui'ce for supplying the doi-aal cords of the carpels 
which thus become necessarily superposed to them. 

From what has now been said, it mill be seen that the 
arrangement of the essential organs of a flower is, as a geuei'al 

See Figs, in Le Maont aad DccniBne's DcscnpHre and Analytical 
'JSoinny, p. 324. Tho femivle Qowcr is described as apctalons, bat Payer 
diaooverod tndimectB of Ibo petals. 
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rule, most intimately connected with the union of their fibro- 
vaBCular cords with those of the perianth ; and as parts of 
flowers are often nmltiplied, aa the petals of Ca-mellia, 
perianth-leaves of Daffodils, etc., aach has given rise to the 
idea of choiisis or dedouhleTnent of French authors ; aa if 
one organ had split into two or more. That vascular cords 
can become repeatedly blfui-eated is abundantly observable, 
whether radially, as in the case of the carpels of the Holly- 
hock, or tangentiaUy, as in producing the stamens of the 
same flower. The more correct way, therefore, of regarding 
the process wonld seem to be, first, to recognize the phyllo- 
tactical origin of the perianth as the baaia to start from, and 
then to regard each fibro-vaiscular coi-d aa an instrument 
for furnishing any number of appendages, whether they be 
additional petals, stamens, or carpels, by the process of 
chorisis, not of the complete organ, as generally meant) but 
of the cord belonging to it. 

To summarize these remarks — we find that the cause ot the 
alternation of the whorls of the perianth, or of the calyx and 
corolla, ia due to their being made up of cycles of spiral 
arrangements, which are projected on to the same plane, and 
so form verticils. Their positions are then shifted so that 
the parts of each whorl bisect the angles between the parts 
of the whorl succeeding or preceding it. 

Secondly, having laid this foundation, the stamens and 
carpels follow in superposition to one or other or both of 
the preceding whorls in consequence of the branching 
of the fibro-vascular cords. And this accounts for super- 
position. 

It may be atill further inquired why ia some cases the 
sepaline, and why in others it is the petalinc cords which 
give rise to a whorl of stamens or carpels, as the case may 
be. The reply at present must bo speculative, for there may 
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be more than one influence at work to determine what whorl 
shall follow each of those of the perianth. 

The immediate cause is nutrition ; but the deeper question, 
what directs the nutrition to one cord rather than another, 
can only be guessed at in most cases : but as the petaline 
stamens are generally absent from at least the gamopetaloe, 
it would seem that the enhancement of the corolla through 
the agency of insects has caused the whorl of stamens in 
front of it to be atrophied through compensation. Some 
special circumstance, however, we know not what, have 
interfered to retain that whorl in Frimulacece, and some few 
other plants. 

The reader must be reminded, however, that this method 
of branching in order to give rise to stamens and carpels 
from the cords of the perianth is not universal. When they 
are many, it is done by the fibro-vascular cylinder of the 
pedicel becoming much enlarged, and consisting of a great 
number of cords, all arising by lateral chorisis, it is true, 
but long before they enter the floral members ; so that by 
the time the latter are about to emerge they each receive 
their own cords from the general axial cylinder. This is 
what happens e.^., in Banunculaceoe and Cruciferoe. 
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CHAPTER V. 

THE PRINCIPLE OF OOHESIOU. 



Cohesion. — General Observatioss. This term signifiea the 
nniou between parts of the same kind or whorl ; and the 
prefix gamo- is used in conjunction with the terminations 
-BepalouB, -petalouB, and -phjlloaa, — to indicate that the parts 
of the caljx, corolla, and perianth respectively cohere. In 
the case of the Btamens, they ai'e said to be mon-, di-, tri-, or 
poly-adeJphons, according as the filaments cohere into ono, 
two, three, or more groups ; while ayngenesioiis ia naed for 
the coheronco of anthers, and, lastly, syncarpous denotes that 
the carpels of a pistil cohere. 

There are two tinda of cohesion, congenital and by con- 
tact.* Congenital cohesion I regard as an advance upon 
freedom, or a further state of differentiation ; for, according 
to the principles of Evolution, freedom or separation of parts 
must precede their union ; just aa, for example, bones are 
free in the embi-yo which become " ankyloscd " in the adnlt ; 
or always free in a fish, while their honiologues cohere in 
higher types of vertebrates. 

Congenitfil cohesion applies to by far the greater number 
of cases of union amongst the parts of the difEerent whorla 

• Wa might appropriately dietingiiish those two kinds of union by 
the terms connate or "born together," aaH caherent or "etioking 
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of flowers, respectively. Cohesion by contact is the eanse of 
the anthers being syngisnesiona in the CovvpositK. It applies, 
Bometimes at least, to the two marina of each carpel when in 
contact Qp the axis of an ovaiy, as of that of a Lily. The 
stigmas of Asclepias are at first free, but later in their deve- 
lopment they become coherent by contact. 

Congenital cohesion takes place almost from the very 
eomniencement of growth and development of the parts, so 
that when fnll-grown there may be no trace of the line of 
ision. Fibro-vascnlar cords, indeed, often occnr in the 
Tery position of it, not unfreqaentiy branching off in varions 
ways, as, e.g., at the fork to nourish the adjacent free portions 
of the limb. This occurs in the calys of Stnchya and the 
corolla of Primula, etc. In Campanula rotundifoUa the fihi-o- 
Tascnlar system of the corolla becomefi completely altered, and 
instead of representing that of distinct leaves in contact by 
their edges, the veina ramify and anastomose all over the 
general space between the two adjacent dorsal ribs, com- 
pletely obliterating all trace o£ the line of union between 
them. In the ctiBe of the Primrose, however, the calyx has 
the exact appearance of five pinnately nerved leaves beinj^ 
mited by their thin and impoverished edges, where there is 
lotbing but transjncent tissue without any cords at all. 

It is important to observe this more or less complete 
BiodiScation of the fibro-vascnlar system under congenital 
cohesion, as it shows how much more highly differentiated 
a condition has been acquired than when the parts are free. 
In the latter case they represent more closely the forms and 
venation of distinct foliar oi^ns. 

Is a curious instance of cohesion of both kinds in the 
Bame organ, may be mentioned the corolla of Fkyleu'ma ; the 
basal portion of which consiata of five petals congenitaliy 
United ; but the five portions of the limb cohere by contact 
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at tlie apex, and so form a tube whicli collects the pollen 
shed into it by tlie fivo free anthers, which are included 
within this corolla-tube (Fig. 9). 
I They thus form the " cylinder " for 
the " piston " action of the pistil which 
continues to grow, and so sweeps out 
the pollen beyond the extremity of 
the tube, just as it does from the 
syngenesions anthers of the Com- 
poeitiv and Lobelia. The five portions 
of the corolla thus cohering by con- 
tact subsequently become more or less 

The rationale of Cohesion lies in 
its adaptation to insect aE'ency, and 
implies a gi'oator degree of specializa- 
tion than when the parts of the whorla are free. Thus in 
Thalami/!i>rce, of such an order as EanunottlaonB with regular 
flowers and with all the parts of the perianth whorls free, the 
flowers are usually visited by a much greater number and 
variety of insects than are those of orders of Oorolliflons. For 
example, Miiller records sixty -two species of insects as seen by 
him to visit Ranunculus acris; whereas the humble-bee alono 
enters the gamopetalous tube of the Foxglove. This adapta- 
tion at form to insect visitora will be better appreciated when 
we come to discuss that principle of Variation, which so 
powerfully affects floral structui-e. 

It occasionally hiippens that parts normally united become 
free : the process is called " dialysis," and may be regarded 
as a reversion to an ancestral free condition. Fig, 10 repre- 
sents a fiower of Miinulus in this condition. The rationale 
of cohesion in the sepals, petals, and stamens, I rogai-d as the 
immediate result of hypertrophy set up by insect agency. 
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aided by the close proximity of the parts ; and aa a reHulting 
effect, is the ever-iiicreasing' adaptation to the requii'ements 
of insects, which are moi-e and 
more specialized for tlicm, ko 
that, for example, Lepidoptora 
are almost solely adapted to 
long tubnlar flowers lite the 
Honey suable. 

An analogtina process of 
congenital cohesion is well seen 
in the faaciation of stems which ^ 
occurs particularly often in 
enccalent shoots, as Aspai-agas 
yonng shoots of the Ash tret 
referred to hypertrophy coopled with the close proximity 
of the bnds which onght to have developed into independent 
shoots. Agaia, cohesion between the sepals or petals of 
Orchids is not uncommon abnormally under cultivation ; and 
would also seem to be due to the stimulating conditions imder 
which they ai'o artificially cultivated. 

Hypertrophy in an oi^n is due to a special flow of 
Butriment to it ; and cohesion may result fi-om the close 
proximity of the parts of the whorl to one another; but the 
ioflnence which brings about the determination of sap to a 
particular point, I take to be the mechanical strains induced 
by the insect visitors when alighting upon, the flower in 
search for nectar or pollen. 

If this principle bo correct, that the tubular strnctnre of 
calyces and corollas, as we see them now, has arisen through 
the requirements of those organs to meet strains thrown upon 
them ; I think it will furnish the solution to many a question 
that may arise as to the peculiar shapes of corollas, etc., 
besides explaixdng the yeiy principle of cohesion itself. An 
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insect alights on one t pet 11 d to sapport li 
an immonse gain is bsc i f th fl call in the aid 

of the other petals; a d th ih b uf.ly btained by their 
cohesion into a tube, j t f th q red strength is 

wanted. Nothing wo Id b g d 1 y tl portions of the 
limb being nnited, as f d i t al tre gth was required 

to bear the burden. Th t b 1 t t the strongest 

possible, and when si t rot t lias, little exti'a 

aid is required ; but if t b 1 g d t d by heavy insects 
and not by Lopidopte 'a h h fa f t of the flower 

and only insert theb* 1 d 1 d p b cides, then the 

tube finds additional pp t th ly b ing tubular as 
well. At other times t 1 pp 't g ed by the close 
contact o£ the flowere, as m a capitulum of the Comjposita, 
from which the calyx vanishes. 

OE course, every degree eonceivable is met with between 
short, stout, and sti'ong tubes with no additional aid, and 
slender ones supported by » strengthened gaoiosepalous calys. 
These are adapted to insects which alight upon the corolla 
limb ; while for Lepidoptera the tube is more elongated, and, 
aa no weight is thrown on the anterior petals, no extra 
support is required. That this is the tme interpretation of 
the origin of a gamopetaloua coiolla, appears from such 
negative evidence aa is seen, for example, in Lonicera Feri- 
clymewam and Aspenda taurinu,' which have greatly elongated 
and contracted tubes, deriving no support from the arrested 
calyx; and although somewhat two- lipped, the anterior 
member is no lai^er than the others; the reverse being 
always the case when a heavy insect is the regular visitor. 
These two species are oxclnsivdy fertilised by the Lepidoptera, 
such as the Hawk-moth, which only hovers in front of the 
orifice, hut throws no weight upon the corolla. 

■ See MiiUcc'a Bgnrea, Ferlilisalioii, etc., pp. 296, 305 
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We may see, as it were, Nature's first attempt to form a 
tubular process in the Cruciferoe, Here it is obtained by 
simple approximation of the slender claws of the petals, 
which are supported by the erect and closely imbricated 
sepals. A step further is gained in Dianthus, in which the 
sepals cohere but the petals are still free. The third and 
last stage is arrived at when both calyx and corolla aro 
tubular. 

Subsequent to this state of cohesion many additional 
strnc tares may arise as they are required in the formation 
of ribs, etc., as already explained; while the very form of 
the tube may change from a purely straight cylinder to a 
curved or expanded funnel, etc., according as special strains 
have to be met, which the original form was not well calcu- 
lated to sustain. 

These changes of Form will be more fully discussed when 
I treat of that principle of Variation. 
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CHAPTER TI. 

THE I'EtNCiPLE OF COHESION — Continued. 

Cohesion op the Ski'Als, or Gamosepaloits Calyx.— T!ub ia 
congenital, and may be free, as in the Carnation and Primrose, 
or associated with a " i-eceptacular tube," as in LegamiJiosm 
and SoEocem. 

As sepals mostly represent the petioles of leaves, the 
tubttlar part of a gamosepalous calyi consists really of the 
fnsioa of the expanded petioles, the teeth of the limb being 
all that remains to represent the blades which are nsnally 
suppressed. The main fibro-yascnlar cords correspond to 
the mid -ribs, while the interspaces are either without additional 
" marginal " cords, as in the Primrose, or with single or doable 
cords in the line of junction, as in the Labialm; or they may 
be covered with anastoniozing reticnlations withont any linear 
cord at all, as in Mimulvis. 

With regard to the presence of linear cords in the line of 
sntnre, if there be five sepals, there will be at least ten ribs 
to the calyx; *.e., if there be only one marginal cord; but 
as there ai'e two margins which cohere, they may have a 
separate cord apiece ; and then there may result fifteen conJa 
in all. Thus Stachys has five doi-sal cords with barely traces 
of five marginal ones ; Ballota has ten, and Nepeta fifteen. 

The above anungements may be modified by the separa- 
tion of the two marginal corda in cerlain places but not in 
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of.Lers, while snpemnraeTary cords can be formed, wliich 
appear to have fov their function to Btreng'then the calyi to 
meet the strain upon it when an insect alights upon the 
flower. 

In the calyx of some species of Salvia, which ia strongly 
bi-Iobed, though retaining its five teeth, three dorsal (d) 
are posterior and two aro anterior. There 
are two single marginal (m) cords between 
the thi-ee posterior and doraal, which corre- ^ ^ 

Bpond to the mid-ribs of three sepals. The m m 

two lateral and mai'ginal cords are each m m 

double; while a supernumerary cord (s) lies " * 

beneath tbe lip of the corolla between the 
two anterior marginals. The accompanying 
diagram of the sepaline cords of S. Verbenaca will illnsti'ate 
the arrangement. 

The arrangement of the cords (m and b) shows that the 
strain being greater on the anterioi' side, the calyx has, as 
it were, stretched in that direction, the two mai'ginals having 
separated so widely in front, a,s to require an extra coi-d (s). 
The two lateral onea have not separated to so great an extent; 
while on the posterior side, where little or no strain is felt, 
the marginal cords have remained single. 

As the cord (s) shows how Nature can add a fibro- vascular 
cord if requii-ed, so one or more can be subtracted by atrophy 
where no stress occurs. Thns the petals of the Compoaitm 
have no dorsal or median cords, the five sepaline only being 
present below, but pass up the margins of the petals. Con- 
versely, in the Primrose, the calyx, giving no support to the 
corolla, has no marginal cords. 

The above diagram will represent the distribution of the 
sepaline corda of S. glutinosa and other species, as well as 
iS. YerhEnaca, but in S. fratcnsis the strain has apparently 
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been not ao great, conBeqaently the anpemtimerary cord ( 
has not been deTeloped. 

Such Hliglit differences are significant, because they show 
how readily an organ can respond to different degrees o£ 
force brought to bear upon it by different insect visitors ; 
and the cords are invariably placed just where the strains are 
groateat. 

The number of ribs to the calyx has been adopted by 
Byatomatists as generic characters in some of the Labiat(e, as 
well as the fcubnlar or campannlate shape of it. Now, it will 
bo found that the shape con-eaponda with the requirements 
of the corolla ; ao that if the tube of the latter be compara- 
tively short and slender, the calyx completely encloaea it, and 
has ita surface atrengthened by a variable number of ribs 
accoi'din^ to the genua ; though they are not alwaya constant 
on the same plant. As examples, may be mentioned, Mentha, 
and Melitlis, which have a, broad campannlate calyx, and a 
broad tube to the corolla. Stachys haa 5-10 ribs suiTOunding 
the cylindrical corolla- tabo. Galeopais versicolor has 10 
prominent ribs, and 10 others which reach from the base of 
the calyx-tube to about half-way up. Melissa has a very 
narrow elongated calyx, which fits the slender tube of the 
corolla exactly, and has 13 or 14 ribs." Similarly Nepeta 
Calaria and N. GlecJioma support the contracted slender basal 
part of the corolla-tube, and have 15 ribs to the calyx, 

Tevcrium Seorodonia haa only 5 dorsal ribs and 2 (posterior) 
marginal. The calyx is very broad compared with the slender 
copolla-tube, and scarcely, if at all, suppoi-ts it. This flower, 
is visited both by bees, and noctnmal Lepidoptera which 
suck without throwing any weight upon the flower. 

CoHESioH OP Petals, or Gamopetalous Corolla. — Aa 

* Thii diSerenoe in the number of ribH depends upon tha lateral and 
marginal being single or double. 
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ftlready stated, this is congenital, and, as with the calyx, so 
th the corolla, the line of junction may he marked by a 
marginal cord, or the intorapace covered with reticulations as 
in Campanula rofundifoUa. 

ia in the calys of many Labiates, so there may be anper- 
numeimy cords in the corolla, until they may be greatly 
jased in number, as in Convolvulus Septum., Digitalis, etc. 
The cords being straight in the tube may ramify in the 
lobes, adding thereby marginal veins to tho latter, as in 
Friimtla and tbe Compositre. In this last, the petals aro 
devoid of median nerves, hcnco tho importance of the mar- 
ginal with their branches up tho edges of the corolliue lobes. 
It would be superfluous to multiply examples if tho 
principle be understood; and what I particularly wish the 
reader to idealize is the, so to say, estiiiordinary plasticity 

bich resides in tbese organs of flowoi's, in that they 
evidently have the power of altering their strncture to meet 
a variety of requirements; so that if we might compare them 
to architectural buildings, we miglit say that the floi-al 
Ai'chitect at one time saw not only a chance of some orna- 
mental improvements in a frieze at some particular place, 
gi-aceful lines of eoloar or curvature in another ; or, again, 
flutiuga, depressions, and elevations, etc., all breaking up any 
chance of monotony: but cunningly adds elegant buttresses 

ithout, as well as runs up ribs of masonry within the 
■walls ; which, while intended to meet particular strains, only 
add additional charms to the general and harmonious beauty 
of the entire fabric. 

Cohesion of Stamens — (1) "Adelphous" Filaments. — 
This occui'9 in various degrees, from a comparatively slight 
union at the base, as in I/inu7ii iisitatissimum, to a shoii; 
^stance from the anthers, as in Malvacete and Legmninoeie. 
andoubtcdly an adaptation to insect agency. 
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If the Btamena be monadelphona. and the nnJon be extended, 
it may completely enclose the nsaal honey -secreting surface 
characteristic of allied genera, the result being that it can 
eeorete none at all. In snch caHca, insects are deceived in 
visiting the flower, as in Genista, and some other mona- 
delphous genera of Leguminosm. Otherwise, the honey is 
secreted by some other Hource external to the ataminal tnbe, 
as in Linam catharticum ; in which flower five inconspicuous 
glands occur on a fleshy ring, just opposite the stamens. In 
Malva, the honey is found in five pits between the bases of 
the petals, and in Pelargonium in a long tube formed by one 
aepal, the insertion of which remains far below that of the 
others, which are carried up by the growth of the pedicel. 
In Labumam* as in Orchis, instead of a secretion, the fluid 
is only to be secured by piercing succulent tissue which is 
found in front of the vexillum in the form oE a cellular 
cash ion. 

In diadelphona species of the Leguminasce, the honey may 
be secreted by the inner basal portion of the stamina! tute,* 
or else, and perhaps more usually, by an annular disk which 
anrrounda the short pedicel of the ovaiy, as in Pisum. In 
this case the honey is easily secured by the proper insects 
as the superior stamen ia free, and there ia also an additional 
facility of access by means of an oval space formed by the 
widening of the staminal tube just above their base. 

In Gercis, the disk is very large, and the 10 atamens stand 
in depressions around it. Consequently they are entirely free. 

The staminal tube, t^igether with the petals, which are 
m.ore or less interlocked together, protect the honey from 
being rifled by the wrong insects, f as it can only be secared 

• According to Miiller. 

f A ODrioiu additional protootion ocean in Bippacrspia eomosa, in 
that the daw of tbo vegiUam, which ia elevated in a remarkable manner, 
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ty anch as have proboscides of sufficient length to reach it, 
corresponding, of course, to each species or genns. 

Papilionaceous flowera being irregular, and visited in but 
one way, it is only the superior etamen which is free i bat the 
staminal tube is often imitated in other flowers where there 
may be no cohesion at all, as by the tribe Ocimotdeie of 
Labiates, Oollinsia bicolor of the Scrophularineo' and Folygala., 
etc. Similarly, in tte case of regular flowers, the mooa- 
delphous condition may be closely mimicked by filaments 
which are etout and suffltientiy rigid to form a column. 
This occurs in Oruciferm, Viola, Cofivolvuliis, Crocus, etc. In 
some cases, as in Crambe and Beutna, the filaments are pro- 
vided with, wiog-like stractnrea which render the tube more 
complete. In orange flowera, a certain amount of cohesion 
is actually obtained between aome of the filaments. 

(2) Sykgenesiods Anthers. — These, as stated, are not 
eongenitally united, but by simple contact. As with fila- 
ments, ao with these, it is au adaptation to insect fertiiisatioo, 
Jasione ■montana famishes a good instance for an incipient 
stage where they just unite at their bases only. This cohesion 
is completed in the genua Synanlhera of the same order 
Cainpanulacew, as well as in the sub-order Laheliem. In other 
cases of true syngenesious anthers there is a complete latei'al 
fusion, as in Lobelia and ComposiitE, in Gloxinia and Jjn- 
patiem. In all these cases the cohesion is by lateral con- 
tact only, and not congenital ; that is to say, the papillfe of 
the future anthers on emerging from the axis grow to a 
somewhat considerable stage of development as incipient 
anthers before coming into contact. They then coalesce, 
apparently by a alight solution of the surface of the cellular 
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TT&lls whicli touch ; bo that when they lu-e fully grown the 
coheHion is firmly secured. An imitative cohesion is seen 
in the anthers of the Heartsease, which arises from tho 
interlocking of marginal haira down the aidea of the cells. 
Anthers, when thtia closely approsiiuato without actual 
cohesion, aro usually called " connivent," as in Ericacew, 
and the word is pei-hapa appropriate to those of SoZartWw 
Vulca-maTa ; but in this plant the union is very close, and 
might even be considered aa syngeneaiona. 

The rationale of the close appi-oximation of anthers, or of 
actual cohesion between them, is the effect of inaect agency, 
just as for the filaments ; but the method of estractiou of the 
pollen varies. In Viota, the proboscis is thmst through a small 
orifice between tho connectival appendages 
of the lower pair of stamens, in order to 
I reach the end of tho honey- col lee ting spur. 
In Heaths and some of their allies, tho 
anther-ceils are at first in contact, and bo 
prevent the poiien from escaping ; but each 
anther is provided with two auricles which 
extend to the corolla. A bee on entering 
first strikes the projecting stigma, but its 
proboscis soon tuma one of the auricles 
aside, which, acting as a lever, dislocates 
the rest, and a shower of pollen falls out. 
In Oomposiiw and Lobelia there ia a trne 
piston action. The style continuing to elongate drives the 
pollen out of the cylinder formed by the anthera, and elevates 
it above the flower, thereby rendering it easy to be dispersed 
by insects. Thia is well seen in Cenlaurea (Fig. 11); (a) 
represents the stamena with the anther-cells closed above by 
the connectival appendages. The arrow shows the direction 
of the insertion of the proboscis of a bee to reach the annular 
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honey-disk at the base of the style ; in 6, the style-arms have 
spread after protrusion through the separated connectives. 
The brush-like tuft of hairs has swept the pollen out by 
means of the piston-action of the style. 

In Campanula, the action is different, for the anthers 
though connivent, have not yet become syngenesious, as in 
allied genera, e.g. Lobelia. They at first closely surround 
the style, which is provided with long collecting hairs upon 
which the pollen is caught. The anthers then shrivel and 
fall down. Subsequently a bee enters the expanded bell, 
grasps the style with her legs, and so transfers the pollen to 
the abdomen. This method is identical with that followed 
by bees in getting honey from Crocus, though in this 
genus the anthers remain erect, and, being extrorse, at once 
discharge the pollen upon the insect without the interven- 
tion of the style. 



8 



THE STRUCTURE OF FLOWERS. 



CHAPTER VII. 
TiiE PKiNCiPLB OF cooESiON — Continued, 



Cohesion of Caepels, ob 
doctrine that the carpels 
considered more fally 
come to be discussed; 
carpel, snch as a leg'unie, 
1 n coadn plicate 



Syscarpohs Pistil. — The accepte 
are metamorphosed leaves, will I 
when teratological modiflcations 
and the proof that an ordinary 
is merely a leaf folded upon itself 
th the margina coalescing andj 
then metamorphoRod into a new oi^n, reqiiirea no specia 
evidence now. That a syncarpona pistil consists of two < 
more carpellary leaves coalescing is eqnally admitted ; 
there are two methods of cohesion. Either the carpels maj^ 
bo ah initio composed of nnclosed leaves, which cohere by thai 
edges * respectively in contact, thns forming a single cavit^H 
provided with parietal placentas, — snch a union implyin^^ 
a more piimitive or arrested condition, from an evolntionai 
point of view ; + or they may be individually more c 
closed before coalescence takes place, in this case by theitj 
lateral snrfacea. The axile placentation is the result. 

• Tbe theory that the placentaa nre, at least ie part, aiial, will t 
conaeqnenco of the orientation of thoir t! 
cordfl (b.|7. Fig. 12, c, p. 64; and Fig. 13, a, 6, p. 65). 

t Thns the parietal placontatioD of Orohanche is probably a rt 
of degradation through paFaaitism, from tbe aiile, of tbe StropTudar 
It may be compared to B "cleft palate" and "bore-lip" inm 
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margina show every degree of anion from a moro contact 
without real cohesion, thence, cohesion by contact, to a 
solid central axial etnicture formed by congenital coiiosion. 
Lastly, the ovary may be one -chambered, witli a free-central 
placenta, as in Caryophylleiv and Primulacece ; or with one or 
more ovules attached at the base, as in Eumex, Oompositce, 
Gramineoi, etc. It is these latter kinds especially which 
have given rise to much discnssion as to the real natare of 
the placentas, and as to how far the axis entei'S into their 
construction. To ascertain this latter point, a study of the 
distribution and structure of tbe fibro-vascular cords of 
the azia and of the carpels would seem to afford the most 
promising clue to the interpretation. 

It has been already mentioned that the dorsal cords of 
carpels generally arise by lateral division from those of the 
sepals or petals ; and then the carpels will be superposed to 
the one or the other of these organs respectively ; • or, a group 
may emerge fi"oni the axial cylinder in a horse-shoe form, as 
seen in section ; the outermost cord becoming the doi-sal- 
carpellary, and the ends of the curve the marginal. This is 
the case, for example, in Cycla-jnen. 

The point, then, at which the carpellary cords branch oft 
from a common stem in the first case may be regarded as 
marking the termination of their axial chai'acter ; and in the 
latter ease, at the separation of parts of the " horse-shoes " 
to form groups of threes. With regard to those cords which 
become m.aiginal and placentary, it is important to notice 
the position of their spiral vessels.f If they are situated on 
the side of tbe cord nearest to the medulla, the cord may 



• + The cordB ore, af ooucbb, rednced to TBanels and soft bast only, the 
former being moatly spiral, bnt ocoftaionnlly beootning moro or lees 
reticalatsd. I ahall adopt tbe osiial word TracltecB. 
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generally be regarded aa axial; if, on the other side, 
nearest to the ovary-cell, and if transverse Bections exhibit 
ictei'mediatc positions, in whicli thoy arc central or scattered 
irregularly witbin the phloijm, they are then marginal and 
placentary. 

They may change their position from one side to the 
other of the cord, as far as I have observed, in three difEerent 
■ways. The whole coi-d may twist to the right or left, as in 
Hellebore fKg. 12); or, secondly, it may divide into two, 
and each half turn towards an adjacent half of another cord 
and iiiiilfi with the latter, as in Felargomum sonale (Fig. 13, b) ; 
or, thirdly, the tracheas may traverse the phloijm and so pass 
oat at the opposite side at a higher level, as in Ivy (Fig. 14,/. 
p. 68). In any case, as soon as tlie trachetB are so placed as 
to efEect their object of nourishing the ovules, they may be 
pronounced to be unquestionably and strictly earpellary. 

I will take Hellebore as illustrating the first case. Fig. 
12 represents a section of the 0oral receptacle taken imme- 




iately above the insertion of the innermost stamens. There 
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pOBi'tioD the traebeie ot each pair of cords face each other. 
At this point, then, the^ hare quite lost their sti'ictlj axial 
character of facing the centre, and the axis is therefore no 
longer concerned in the structni-e. A little higher the 
cavities oE the ovaries (indicated by the dotted lines) appear 
between the dorsal cord and tbe pair of marginal ones ; and 
now the latter tnrn their spirals completely towards the 
ovary cells, having rotated throngli 90° in all. The object of 
tMa rotation is t« enable them to send off cords to the ovales. 
The second method is well seen in Geraniwrn, Pelargonium 
sLotiale, and Impatiens. A section of the receptacle of the 
first two, made between the insertion of the stamens and the 
pistil, shows five gi-oups of thi-ee cords each, arranged as in 
Fig. 13, a. Small poi'tious of the ten etaminal cords are 
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Tig. 13.— nlurffaniun ; wctlons at ba» of ettrj (a. b. aflir Tin Tl^em}. 

eeou OD the circnmference of the section. Tbe outermost 
one of each group of three will form the dorsal cord of the 
oarpel. The two inner have their vessels already turned 
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towards each other, aa described in Hellebore, and are in part 
required for the placentaa. They are, therefore, no longer 
oriented as in ao aiis, i.e. with all the vessels arranged on 
the inner edge of the cord and facing tbe central medulla. 

A short distunce above the base of the pistil, the inner- 
moat cords divide in a somewhat irregular manner, but 
rearrange themselves symmetrically i-onnd the centre of the 
gronnd tissue in ten cords, as soon as the ovary cells have put 
in an appearance. The method by which this condition 13 
arrived at was desci'ibod by Van Tieghem in Geranium 
longipeg, and with slight modifications it will apply to 
Pelargonium, sonah. Each of the lateral cords divides into 
two (Fig. 13, 6), the two interior and adjacent branches 
unite to foi'm a single marginal cord with the ti'achese 
within or on the outer side (Fig. 13, 0). The two outerm.ost 
brani;lies pass off to the right and loft, and proceed to join 
the corresponding halves from the neighbouring systeiaa. 
The pairs uniting thus form Gvc cords of doable origin, 
ftlteniating with the creacenfc-ahapcd marginal cords of the 
carpels (c). There are thna formed five in front of the ovary- 
cells, and five in fraut of tho septa, "which," Tan Tieghem 
observes, " one would regard as axial, if one did not pay 
attent'o to tl e mo le of formation of the corda and to their 
orientat on 

In his descr pt on of hnjiatiene Royleana, he says that 
the t vo nne most branches (Fig. 13, 6) unite at first end to 
end, e 1 ke an 8 vith the trachete at the extremities in 
contact they then form one cord with the spiral vessels 
towards the circumference of the section, by rotating through 
90°, accompanied by complete fusion. 

In FelargoniuTn zonale, the traoheas become plunged, as it 
were, within the phloem-tissue of the cords, aa shown in 
rig 13, c, which then fuse together laterally. 
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Above the ovary-cella, at the base and thicker part of tha I 
style, a section (Fig. 13, rf) shows five solid circular bntti'esseB, 
the tissue of which is continuous with the central pai-en- 
chyma, in the middle of which a lacuna (I) is formed by I 
rupture. In the depression between the buttresses, a so 
portion of the style and conducting tissao forms a bridge, J 
as in Fig. 13, d, showing a cavity below it. 

It is in this homogeneous mass of ground tissue that wb 1 
Lave a complete fusion of the hypertrophied boi-dera of the I 
carpels which have thus entirely lost their individuality. 
The asis proper disappeared as soon as the spiral vessels I 
became oriented, as in Fig. 13, a. 

Hence the dotted lines radiating from the centre (o) I 
mark the ideal boundary of each carpel, and the line acroafi 
the base of the ovai-y-celt is the place where rupture will ' 
take place when the fruit is mature. The column, or 
called "carpophore," remaining is therefore entirely carpellaiy 
iu ita origin. 

The third method by which the trachete pass from one 
side to the other of a cord is partly seen in the preceding ; 
and 1 suspect that this is the commonest method of all ; for 
though, when axial, the cord has ita spirnl vessels fixed at 
the inner angle, as soon as a change of position occurs or 
whenever it has to branch, the fixity of the position of the 
trachete becomes relaxed, and they readily become enveloped 
in the rest of the tissue of the cord, and so pass from one 
side to the other with perfect facility, as will he seen in the 
case of the Ivy. 

When a syncarpous pistil has its ovary inferior — that is, 
imbedded iu the receptacular tube — the real state of cohesion 
between, tbe several cai'pels is masked in consequence of 
their partially undifferentiated state ; the ovaries of which 
then have the appearance of being simply isolated cavities 
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BUnfc witbin a mass of parencTiymatiOiiB tissue. Id fact, they 
might often be callBil " falsely syncarpous," a term applied 
to tbe Pomem, but which is equally applicable to Ivy and 
Fuchsia. 

la the pedicel of a flower of Ivy, there are, at a distance 
of about thi-ee- quarters of an inch from the tapering base of 
the inferior ovary, four fibro-Tascnlar cords (Fig. 14, o). A 
little higher these split 
up into an irregular 
circle (h), and shortly 
above the base o£ the 
receptaculartubethore 
are fifteen (c), ten 
being more towards 

than the other five. 
The onter ten are for 
^ the sepals and petals. 
The five inner will 
appear superposed to 
the sepals (d), having 
been already separated 
off by radial chorisis 
rather low down; these 
are for the stamens. 
Then from the petal- 
ine cords, by a similar 
method of chorisis, ft 
small cord runs up 
the dorsal part of the 
ovary-cell and another up the axia. This fixes the position 
of the five carpels (if bo many be present) as superposed to 
the petals (d). There are often only four, op even three, 
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ovaiy-cells developed. When tbia ia tte case, the corda of 
the centre become fused into four or three (2 -|- 2 -f- 1) (e), 
and take up a position alternating with the ovary-cells. 
They become even more welded together higher np ; but they 
separate again, to fonn twice as many as there are ovary- 
cella (/). If there be three, then each cord may bifurcate, 
thongh they do not all do HO in every instance ; so that out of 
12 cords, three ovular cords are given off to nourish the ovules 
(/), and the rest run up the styles, thongh the total ETiniber 
of cords may be less than 12, as variations seem to take place. 

The ground tissue consists of a loose merenchyma, except- 
ing three or fonr layers of cells below the epidermis, which 
are re.ore compact ; the ovary-cells — seemingly reduced to a 
thickened epidermal layer only — are plunged freely into 
this tissue (e). The cords run up the centre perfectly 
independent of the ovary-cells (e) with their spiral vessels 
on the inside, surrounding a central medulla. Were it not 
for the presence of the dorsal cord, there is nothing to hinder 
one from calling them axial. It is not until they reach the 
top of the ovary -cells that these cords bifurcate and send ofE 
one branch each into the pendulous ovules, the other branches 
being conveyed upwards into the styles (/). 

The above doacription will give a fair example of the 
distribution of the corda for supplying the several members 
of the whorls. The reader can estimate how far the centi-al 
cylinder should be called axial. The fact is, that the whole 
of the tissue of the carpels, excepting the thickened internal 
epidermis covering the ovules, is totally lost in the general 
spongy mass in which they are imbedded. But since the 
petaline cord gives rise to the small dorsal- carp eUary and 
one axial, theoretically these two belong to the carpellary 
leaf; and on this ground we should feel inclined to regard 
the central cords not as asial but marginal and carpellary, 
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notwithstanding the fact thnt the tracheoa are oriented 
inwards; since it is not until they reach the level of the 
insertion of the ovules that they pass either to the middle 
or opposite side of the cord. The rest of the oarpellary 
tiasaes are undiBei-entiated, as stated above, and it is thia very 
common condition in the case of inferior ovaries that has led 
botanists to regard the lower parts of the carpels as being of 
an axial nature and not foliar. 

Tee FoEMATiON of Septa. — With regard to the union of 
the surfaces of the carpels to form the septa, the mle is for 
tlio adjacent epidermides to be altogether wanting ; and, if 
the median tiaauc be thick, the walla of two adjacent ovai'y- 
cclla may bo very wide asunder, as in the Ivy. On the other 
hand, the septa may bo rodnced to the two epidermal layers 
alone, and then they are often scarcely coherent at all, as in 
Balaam and Lemon. 

In some cases, the epidermiiJes are not in contact through- 
out their entire surfaces, and whenever thia is the case the 
characteristic epidermal cells reappear, as in InUacerE and 
A'maTyllidace<B. Similarly, as soon as the carpels of Hellebore 
become free, the epidennidos of the margins appear in their 
proper character, which, now cohere only by contact. It is 
the same with the axile placentas of the Lily. 

As instances where the axis seems to be more decidedly 
prolonged up the centre, a.re Lychnis and allied members of 
the Sileneas. Ph. Van Tieghem has also shown how an asial 
cylinder ascends up the middle of the flower of Cavipanala 
Tnediuw. for about two-thirds of the height. Thus Fig. 15, a, 
repi-eaents a section of the fluted pedicel ; b shows the lobes 
isolated, each containing a portion of the fibro-vasoular 
cylinder. In c, the broken central cylinder has again closed 
up, a section showing a complete circle of an axial character. 
The triangular basal portions of the ovary-cells have now 
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appeared, d represents a Bection of two-thirda of the height 
of the inferior ovary; bnt now the fibro- vascular pylinder 
a dissociated, and forms fifteen sepai-ate corda — two being 
marginal to each placenta and one belonging to each septum. 
Ab the cords have their spiral vessels reversed in position, 
acing outwards and not inwards towards the centre, 
their axial character has ceased.* 




d 

Flg. Ji,—aoKpmula wiedium (sfUr Tbd Ticih^m). 

The rule appears to me to be that as soon aa, or even 
before the level of the insertion of the ovnles is reached, the 
internal position of the trochees is abandoned. This is the 
cjase with Lychnis. 

In some cases there is an apparently axial formation, 
• I do not findtliat mattera can be really eitproaaed quite bo "diagram, 
loticaliy " aa, e.g., in his figure d; for Van Tieghem does not jiay niucU 
ttetition to the eBntral and scattered jjosifioin of the trachea:, which I 
take to be quite as Hignificant aa their outioarii orientation j for as the 
ovnlee are approached tbej become disperaed, tbongh a medulla remaina. 
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which has proved to he misleading. Thus, in Geranium a. 
allied genera, the beak-like process from which portions of 
the carpels separate when ripe is not asial at all, but simply 
the coherent placentas of an entirely cai-pellary origin.* 
This will be understood from the deaci-iption I have given of 
Pelargonium (p. G5). 

The mericarps of the fruit of an nmbellifer are also 
supported on a cai'pophore, which is likewise uanaltj described 
as axial; but anatomical investigations do not warrant the 
conclusion. The commissural sarfaces are obviously merely 
tho resolt of rupture between the two carpela which have 
cohered ; and, in consequence of this union, each epidermis 
fails to develop its true character, but remains in an airested 
condition, having the cells somewhat smaller than the rest 
of the gvonnd tissue. This enables the mericarps to separate 
readily on maturity. A double fibi'o-vaacular cord runs up 
the centre to snpply ovular cords at the sumrait of the 
ovary-cells. If one traces the cords from the pedicel, there 
will be found in the latter a complete fibro-vascalar cylinder. 
This spreads out at the base of the inferior ovary into ten 
clearly defined cords which ran parallel to each other from 
base to apex, to furnish the petals and stamens ; while two 
only coalesce and form tho axial cord. It is this cord which 
constitutes the stylopod when the fruit is ripe. Hence it 
is not asial, but simply the combined marginal cords of the 
two ovary-cells. 

Free Cestbal Placektas.— The position of an ovule or 
ovules on a central support, free from the wall of the ovary, 
or directly on the base of the chamber, and apparently quite 

• Prof. A. Graj- (i.e., p. 213) and Heofrey (El. Course of Bot., 4,th ed. 
p. 100) both Epeak of it as mial ; thoagli it was qnite correctly deaoribed 
and BgiiTBd by M. Seringa ao long ago ae 1838 (Mem. gar la Fruit dea 
QSra-niac^es) : " Lea bordg de cbaque carpel plaoeatairea aont resties et 
fonaGnt la ooloDDe." 
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central, lias given rise to a good deal of diacusaion. Two 
views have been taken, one being that sucli ovulea are, ia 
some cases at least, axial in their origin, and not carpellai-y at 
all; others would refer all ovoleH, without exception, to a 
carpeilary Rource. Analogy, indeed, wonid, if taken alone, 
seem to justify the latter conclusion, since the numerical 
proportion of ovnleB having a decidedly carpellary origin in 
nnmistakabjy very great; and any doubt upon the matter 
fieems to me to have arisen from a want of due appreciatioa 
of the arrest of development, or rather failure of a complete 
differentiation which has taken place between the ovary and 
axis at the place where the ovule or ovules appear. 

This arrest ia particularly apparent, as ali'eadj stated, in 
the case of inferior 
, as of the Ivy. 
n the CompOBitie, 
the ovular papilla 
to arise at the base of a 
cavity in the aiis, and 
might easily be thought 
b3 be axial ; but a slight 
eccentricity may be dis- 
cerned at a certain epoch 
which 18 the first indica- 
tion of ita carpellary 

^ origin. In Beta the 

I basal ovnle arises in a 




batas tbeovarybe 

developed, the c 

ovnle is carried up so Fig. lo.— HeioCa 

finally to become pendalons (Fig. 16, i 
ich the same in Typha and allied gem 
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gradnal elevation of the OTule occurs in Micinus and other 
Eapliorbiaceous plautB. 

Similarly, i£ we compare the diEFerences in allied genera, 
aa Ranunculus and Thalictrum ; in the former genua the 
o7nle arises at the very base of the carpel, close to its point 
of attachment to the axis, and remains there. In Clematia 
and Thalictrum, the marginal cleft of the cai-pel appears a 
little move decidedly above the base, so that the ovule from 
its earliest period ia situated somewhat higher np, and by a 
further development is carried to a yet higher position, and 
BO ultimately becomes pendulous. Exactly similar di&erences 
occur between the orders Composilte and DipsacecB. 

Hence, it would seem that basilar ovules owe their 
positions to correBpouding degrees o£ arrest of the growth 
and development of the carpels, and especially of the basilar 
portions of the carpellary mai^iua. I think, therefore, we 
may draw the following conclusion, that the particular fonn 
of energy which would cause a carpel to emerge out from 
and he developed freely and entirely from an axis, is more 
01" less potential than actual." Consequently, it develops 
the ovule just where that portion of the carpellary margin 
would have appeared had it been formed ; so that the tissue 
whence the ovular papilla emerges may bo considered to be, 
strictly speaking, neither axial nor carpellary, but undif- 
ferentiated merenchyma, and potentially carpellary. 

From a single ovule we may now pass to pluri-ovnlar 
ovaries. Dioncea gives ub an instance where many ovules 
arise at the base perfectly fi'ee from the ovarian wall. In 
this flower the pistil consists of five carpels, which emerge 
oongenitally out of the asia, firat aa a circular rim, which 

• It may be notsd that it ia mqire actual in Clematia, oto., in that 
SeTBml ovular pnpillte are prodaced in genoni with pendalona ovaleB, 
besides being more elevated in position ; bat only one in BanvncahiA. 
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tten becomes a cup, which finally contracts above to 
form the style, just as in Primulacem. It is, therefore, 
unilocular, while a circle of ovules appears on a tbick ring 
of tissue within the base of the ovaiy. Other circles of 
oTulea appear concentrically and centrifugally. It might be 
questioQed, therefore, whetLcr the ring ■which carries them 
were axial or not, I think, however, the same interpreta- 
tion will apply here aa elsewhere ; that is to say, the ovules 
arise from the place where the bases of the carpels would 
have appeared had they been diSerentiated oat of the axis. 

In the allied genus Drosera the placentas are strictly 
parietal, and the ovules, commencing to emerge half-way up 
the wall, appear succesaively, both upwards and downwards. 
Now, as they are centrifagal in Diottma (corresponding to 
the upward development in Drosera), it looks as if only a 
portion of the upper half of the carpels were I'eally repre- 
sented at all. 

In this genus there is a barren central space within the 
ringof ovnlea, perhaps representing the termination of the axis. 

That the basal portion only of syncarpons pistils should 
bear ovnles is common enongh, and the pla- 
centas .often swell out there to form bosses 
which we may reasonably conceive as coa- 
lescing to form the continuous ring character- 
istic of Dionica. Thus jicerillaatrates how each 
of the two carpels gives rise to two globular . 
protuberances on which the ovales ai'e borne / 
(Fig. 17). Anemiopaii!, as figured by Payer, 
has a confluent protuberance bearing several 
basifngal ovules. Similar mnltiovular bosses Fig. iv — Corppin or 
occur in Solanem and Scrophularinem, giving 
the characteristic dumb-bell shape in a transverse section. 

Now, if we imagine these swollen ovuliferons placentas 




U 



78 THE STRUCTURE OF FLOWERS. 

arising from the basal portions of the carpellary leaves to 
reach the cunti-e of the ovarian chamber, (ind be there fused 
together into a ho] id raasa, we should obtain the apparently 
axial structure of Frimulacem, Sanlalai^ea, etc., with the few 
or nnmerous ovules hasipetal in order of development, eor- 
reaponding to the centrifugal order in Diomea and the 
ascending oi-der in Drosera. 

The probability that this is the correct view is supported 
by a case I have met with in which the carpels 
of Priinvla sinensis were dissociated, and more 
leas foliaceoKS with rudimentary ovules, not 
only along the margins, but with several borne 
heel- like processes,* which extended towards 
the centre of the ovary, as represented in Fig. 18. 
Anatomical investigations entirely coiTobo- 
rate the carpellary nature of the central pla<;enta 
of Priividaaea}. The circle of cords, nsaally ten 
■, which pass up the column to nourish the ovules 
are originally separated from the sides of the sepaline by 
radial choriais, and become superposed to the sepals ; the 
dorsal cords (about ten) having also parted company from 
the five sepaline and five petaline. The latter, however, do 
not give rise to any placoulary cords ; hence there are really 
five carpels superposed to the sepals. 

With regard to the position of the spiral vessels, they 
are not oriented as if axial, but are completely embedded 
in the phloem, and consequently central. Moreover, the 
cords in section are circular in form, and not wedge-shaped. 
The central {if not external) position of the tracheee and the 
circular form of the cords ai'e both emiuootly characteristic 

■ Yan Tieghom, tbongli once regarding the ceDtrail placenta as aiial 
(RecKerches ev/r la SiryKt-are dv, PisUl, 1868), has more reoently wriTod 
at tbesame conclosion as my seU {Traitf do Bat.,l^i). 
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features when they fii-st ceaao to bo asial and hccome appen- 
dicular. The accompanying diagrams (Fig. 19), (a) Lysi- 
■niachia nemorum and (fc) Primula veris, -will illustrate these 




remarks. The sections are taken on planes • where the 
pigtil is emerging from, the receptacle ; s. represents the 
sepaliae cords ; ab. et. abortive staminal cords ; p, the petal- 
ine and staminal (combined) ; d.c. dorsal carpellary ; pi. c. 
placentary cords. 

A free central placenta may reault from the destmction 
of the septa of an originally axils placenta, as occors in the 
Caryophyllem. Thns, the ten rows of ovules in LycTinit 
snfficiently indicated their marginal origin. I may add that 
a carefnl investigation into the origin and distribntion of the 
cords has convinced me that the asie in flowers of the 
Caryophyllen: early ceases to take any part in the etrnctare 
of the pistil. 



» Fig. a 



ition taken rather lower down than in Fig. h ( 
e still ondilfereatiated in Fig. a. 
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THE PRISCIPLE Of 

AoHEaioif OP ORQA-va. — This tena is distinguished from 
cohesion by limiting its application to the nnion of different 
whoi-la. Thna, if the petals or stamens be uuited to the 
calyr, they are called episepalons, a. term nsually eycony- 
moQs with perigynous ; and if the stamens be adherent to 
the perianth or corolla, they are epiphylloua or epipetaloua 
respectively, BOTOctimes also described as perigynous. On 
the other hand, if the stamens and pistil be iu close con- 
junction, showing an adhesion between the filament and the 
style, 80 that the anther and stigma are brought together, 
the term gynandrona is applied to them. 

Adhesion may bo safely regarded as an advance npon 
cohesion; and there is, I think, a. great probability of ita 
being — perhaps, origiuslly, in most if not all cases — a result 
of adaptation to insect agency. 

With regard to the perigynoaa condition which involves 
a more or less degree of adhesion of the petals and stamens 
to the calyx, this is in many clearly a result of the develop- 
ment of the receptacular tube with ita honey-disk lining it, 
as in Rosacece. This causes the free portions of the petals 
and stamens to be carried away from the central axis, and 
placed in a ring "around the pistil," i.e. perigynous; while 
the more or less amount of adhesion of them to the calyx 
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has saggested tlie term episepalotts. In the Rose, 
whieh Becretea no honey, the sepala aw; almost, if not 
entirely free, and articulate readily; wliereaa, in other 
rosaceous plants, if the i-eceptacular tube does not itacif fall 
ofE, as in Pruwis, the calys remains pei'sistent. 

Although it is usual to regard perigynoaa petals and 
stamens as episepalons as well — -that is, " upoa the sepals " 
— when the receptacular tube is well pronounced, it ia more 
_ strictly in accoi'dance with anatomical atructni-e to regard 
the former as brought into close proximity to the calyx, 
rather than being really inserted upon it. In many other 
cases, as in Lythrum, and Daphne, the whole of the tube has 
all the Bppeai-ance of being truly calycine and not recepta- 
cular; Ko that "episepalons" will then best describe their 
condition of adhesion. 

It is i-arc to find a gamopetalous corolla adhering to the 
calyx, but it is so in Oucurhitace<B, as in Ihe genera Cucinnie 
and Bryonia, where the two outer whorls are nnited. 

Ph. Van Tieghem observes • that the union may be the 
result of the fusion of the i-espective parenchymas alone, 
leaving the cords proper to each organ distinct. I think, 
however, that it will be found to be more frequently the 
case that wben the cords are superposed, they are fused 
together below, but sepai-ate %vhen the oi^ans become free. 
This ia well seen in Frunus. The sepaline and petaline 
cords branch, by tangential choriais, about half-way up the 
receptacular tube, and thus give rise to ten stamens. Each of 
the petaline cords branches on either side again, at a different 
level, by radial fission, and gives rise to ten more. t So that if 
we retain the term " episepalona " for the stamens, we must 
nndoi'stand that, while the actual stamen ie practically free 

• Traili Bi>ta.niqv.e, p. 390, 

t TUe will be defloribed more fully below (see Fig. 2B, p. 95). 



80 THE STRUCTURE OF FLOWERS. 

from the calyx, yet its cord is commoa with that of the latter 
below. 

The eplphyllotig or epipetalous condition of the stamens is 
almost inyariably associated with a state of cohesion of the 
perianth-leaves and petals of the corolla ; as exceptional 
instances are SciUa and Lychnis, which have the parts of the 
perianth and corolla free, but with the etamena adherent to 
them ; while, conversely, Campanulaceai and Ericacece have 
ganiopotaions corollas, bat the stamens not adherent to 

The rationale is primarily, In many, perhaps in every 
case, an adaptation to inject agency. In the majority of 
garaopetalons corollas, the honey nsually lies somewhere 
between the inaerlion of the corolla and pistil, being secreted 
by one or more glands or an annnlar disk ronnd the base of 
the ovary. There are two positions in which the anthers 
may be placed in regular gamopetalons flowers with reference 
to the visits of insects for the honey; either ai'Onnd the tnbe, 
as in the Primrose and Sci7Zk, dp close around the style, as 
in Oonvoleulus, Campanula, and Grocas. In the former case, 
when an insect passes its head op proboscis down the tube, it 
touches the anthers on oae side of it and the stigma on the 
other ; hut as the proboscis may pass on either side of the pistil 
in the same and different flowers, that is on the near or 
remote side, with reference to the position of the insect, such 
flowers have every facility of being crossed. If they bo 
heterostyled, as the Primi-oae, then of coarse each kind has the 
greater chance of being crossed by the other sort. 

* The diatribation of the cords in the floral receptacle of Aialea, 
between the maertion o! tlie corolla, and pistil, is vo^y anomalona, haviiig 
no symmetrical arrangement aroQnd the centre ; while the cords of the 
corolla of Canypantila, as described above, are peculiar for other reBHona. 
Tliia may, perhaps, have BOmething to do with the eiceptional freedom 
of the a tarn ens from tlie corolla. 
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Ta tha case of Orocas, Convolvulus, and otlier flowers witt 
a contracted base to the corolla or perianth, the anthers are 
situated close round the style. In these flowers, the insect 
alights on the fitigmas, as ali'eadj described, grasps the central 
column and aiicka the honey head downwards, and so gets 
dusted on the abdomen, the pollen irora which is thus trans- 
ferred to the next flower visited. 

The adhesion of the stamens to the curolla or perianth 
thus seems to give a rigidity and fii-niness, as well as leverage 
in some cases, so that the aetion of the insects is more 
accurately secured, and some one particular spot on tlieir 
bodies invariably struck and dusted with pollen ; which 
would scarcely be the case if the filaments were fi-ee and at 
liberty to oscillate or swing about in any direction. 

In many flowers with irregular corollas, the stamens are 
declinate ; and their adhesion to the tube ia then, of manifest 
advantage, for the basal part of the filaments thus acquires an 
additional strength to act as a fulcrom, which enables the 
filaments to support the weight of the insect. In Echium, for 
example (Fig. 20, p. 82), the corolla is even strengthened by 
a rib where the stamen ia inserted. This part constitutes the 
fulcrum. The line of force from the f nicrum intersects a line 
perpendicular to the filaments, corresponding to the weight of 
the insect ; while the third and upward force is that exerted 
by the filaments to countei-act the resaltant of the two former,* 

The origin of the adhesion between the stamens and the 
outer whorls is revealed by anatomical investigations ; for 

pnle is, as described in the case of Pranus, that the fibro- 
vascnlar cords of the stamens arise by division from those of 
the onter wborla whenever they are superposed to them. 

In other Tfords, when adhesions are seen between the 
floi-al whorls, by being superposed to one another, then a 

• See alBD Figs. 38, 33, and '10, pp. 121-126, and conanlt teit. 
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f Qsion ol their respective covda will be found. If the n 
arise freely, as in Uanuneulacem and Oruciferm, then theii' cords 
are inserted into the axis, having ai'ison by radial division 
or lateral choi'iHis. 

In the case of the gynandrons pistil, the stamens have 
their fibro- vascular corde more or less imbedded in the recep- 




flg. 30.— Edilum 

tacnlar tube, or rather the common tissue resulting fixim the 
fnsion of the ovary anti the tube together ; the anther then 
stands on the summit, and if there be a, short or no style, but 
only the atigmas terminating the ovary, then the anther is ia 
close contact with it, as in JlippvHs, Orcliie, etc. When there 
ia a style, the filament may bo prolonged in adhesion with, it, 
as in moat orchids poaaessing the so-called column. It is not 
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BO, however, in AristolocTiia, according to Tan Tieghem, 
though often described as such .• 

To sumniH.rize the above remarks, it seems clear that all 
adhesiona between the two ■mhorls of the perianth, to be 
found mostly in the Cahjcifiorce, is an accidental occurrence 
due to the hypertrophied condition of the axis in forming a 
receptacular tube ; ho that the term " perigyuoua " is more 
Btrictly applicable than " epiaepalous," 

Adhesiona between the filaments and corolla, or calyx if 
the former be wanting as in Daphne, is an adaptation to insect 
fertilisation ; whereby a more rigid position ia acquired for 
the stamens, cooplod with a gain of leverage, etc. 

Lastly, adhesiona between the stamens and pistil only 
occur where there ia a receptacular tube, or "disk," as in. 
Kymphtea; and the fusion of filaments with the style, or 
between anthers and stigmaa, is bronght about by the very 
close proximity of the organs when in an early and undif- 
ferentiated state. 

■ SachaT±rB, El^ra.de Bot., p. G4S; HBnfrey.i.c, p, 125 ; Bqnth. and 
Hoolter, Gen. PL, vol. iii., pt, 1, p. 123 ; Van Tieghem, TtaM dc Bot., L, 
p. 423. 

¥an Tieghem'a dBBcription and fignre f Fig. 21) is aa follows ! — 
" The Btjles and atigmaa are abortive, imd t!ie sis cnrpelfl 
are reduced to their ovaries. It ia, then, the thickened 
connectives of the anthers, coherent laterally into a tube 
and covered above with atigmatic papilte, which now play 
the part of atigmas and of the style." 

To jadge tcom Payer's fignrcB (Orgatioginie, pi. Bl nod 
pi. 109), the atigmaB appear to riae from the inner side of the 
very short Jilamenls, and might be interpreted aa tmlv car- 
pellary Htigmaa, bat fnaed to the former. A farther invosti- 
gation of the distribaCiDn of the Gbro-vascnUr corde shoald 1<1e. gi.— Arts- 
be made. Moreover, Asaram does not appear to have »nj- vmriaihenOt 
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CHAPTER IX. 



THE C 



B or nHioNs. 



HiTiNO now noticed the different kinds of unions, we may 
ask what has bron^'ht them abont. 

We have seen how progi'essively complex conditiona can 
be traced from entire freedom, as in Buttercups, through 
forma of Cohesion, such as the gamosepivlous, gamopetaloua, 
monadelphous conditions, etc. -, to cases of Adhesion, as of the 
perigynoua and epipetalons states ; and, lastly, to the adhesion 
of the ovary to the receptacnlar tube. 

As stated above, these conditions are correlated with 
greater and progressive differentiations of the flora] organa, 
which hare been brought abont by insect agencies. The 
above-mentioned and other terms do not, however, explaia 
how or what the immediate influences are which induce 
unions of various kinds amongst the parts of Sowers ; but 
some researches of Mr. Meehan on the Ooniferw * will perhaps 
give ns a cine. There is a well-known and a very generally 
prevailing feature amongst certain genera of Conifers — as of 
the Gttpreeeinem, for example — that the foliage can appear 
under two forms, tlie leaves being either free from theii' bases, 
or more or less adherent to the axis. The two forms of leaves 
have been recognized as specific characters in Junipenis, 
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ReUnospora, etc. ; but both kinds of foliag'B not Infrequently 
appear together on the same plant; and, when this is the 
case, the spinesceat and free leaves are borne on rehilively 
less vigorous branches, the adherent foliage being charac- 
teristic of the more vigorous and quick-growing terminal 
shoots. It has been also noticed by Dr. M. T. Masters that not 
only do the broad and tree leaves of Juniperiis and Betinospora 
not occur on the leader shoots, but when the plant is varie- 
gated then free leaves (on the stem with arrested growth) 
are much more variegated than they are on the qaict-grow- 
ing leader shoot.* The laat- mentioned observer has also 
noticed that the free foliage is characteristic of the younger 
condition of the plant, the adnate foliage that of the adult 

The conclusions arrived at by Mr. Meehaa are as follows ; 
(1) The trae leaves of OonifercB are usually annate with the 
branches. (2) AtJnation is in proportion to vigour in the 
genus, species, or in the individuals of the same species, or 
branches of the same individual. (.3) Many so-called dis- 
tinct species of Cotiiferce ai-e the same, but with their leaves 
in various states of adnation. 

Another very common form of adhesion, to which I have 
already alluded and which ia most probably due to hyper- 
trophy through sncculoncy at an early stage, is fasoiation.f 
Under thia condition the fib ro- vascular cylinder of at least 
two "axes," which would be normally separate, coalesce, 
and form an oval cylinder with, it may be, only a slight 

• Qard. Chron., 1883, Vol. lix., p. 657. 

t Foe remarkB on thia phenomenon the reader ia referred to Dr. 
Uastere's Terataloijy. It is part ion) arljr common in herbaceous plants, aa 
Lettnoea, Aapamgna, etc., and not nnfreqnent in Aah-treea. I obHsrved 
a trailing plant of Cotoneaater growing over a rocker; by the aide of a 
atream in a gai'den, almoat every branch of which was fasciated. 
10 
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m. The nietlnllaa, corticaT 
oontinaons throughout and 



eonatriofcion indicating thi 
and epidermal layers, are 
common to the whole. 

Noiv, the union of two opposite " appendages " to an axis, 
as in the case of connate leaves, may take plai;e. This may 
be called fuliap faeciiition in which the iibro- vascular cords 
of each " leaf " are embedded in a common parenchyma, and 
all encased together within a common epidermis. 

If we regard the receptacular tube of, eay, Fuchsia and 
Narcissus in the same light, though adherent to the ocary 
like a decnrrent leaf of a thistio or Sedum, I see no ai'gument 
against the supposition that the tube, in such cases as these, 
may be regarded B3 the fosciated petioles of the sepaline 
and perianthiat leaves, now adherent to the ovary within 
them. 

A peat- woald aeem to combine both axis and petioles, as 
the base of the ovaries is aitnated maoh above the commence- 
ment of the expansion of the pedicel (see Fig. 22, p. 90, 
and Fig. 26, p. 94, and consult test). 

Each case must, however, be interpreted on its own 
merits; and I think thei-o will be little difficulty about this, 
if we recognize the fact that both the pedicel and floral 
receptacle on the one hand, and the petioles or their floral 
equivalents on the other, can alike aasame all the featiirea of 
the so-called receptacular tube. 

Now let ns apply these principles of union through 
hypertrophy to flowera, and we have an interpretation 
according to the theory advanced in this book : that differ- 
ences of floral structure depend largely upon different dis- 
tribotions of nutrition in the sevei'al organs; and that the 
irritation set up by insects themselves ia one of the most 
potent causes of a flow of sap to certain definite places, 
which encourages local growths, thereby indncing these 
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QnioDS to take place between the parts of any whorl, form- 
ing " cohesionB," and also between different whorls, or 
"adhesions." 

Other caaaea may determine them, for hypertrophy may 
set in throngh a purely vegetative atimulas ; for it is not 
unfreqnent to see abnormiil coheaions and adhesions in cul- 
tivated orchids, such as petals or sepals adhering to the 
column, etc. Such may, witii a good deal of probability, 
be referred to the artificially atimalated conditions under 
which they are grown. These abnormal cohesions between 
members of the perianth, and adhesions to the column, have 
been observed both in this country and America.* As a 
particnlar instance of the latter kind, Mr. Meehaa bad 
observed several dozens of flowers of rhaius grandijiortts which 
had the dorsal sepal united to the column, all being confined 
to separate spikes from those which have perfect flowers. 
In some cnses, of the same plant two of the petals were 
united so as to form a hood over the column. 

Another peculiarity of Orchids is the tendency to convert 
sepals or petals into labella, and to multiply the spurs when 
an orchid is character! Kod by them so as to render them 
peloric, a sure sign of hypertrophy. t 

All these "monatroaitiea" seem to point to an excessively 
unstable condition of eqnilibrium in the Bowers of Orchids; 
and that they are peculiarly sensitive to the eSects of nutri- 
tive stimuli, whether brought about by visits of insects or 
by artificial cultivation. So that the order Orchidem is 
particularly interesting, as furnishing indirect or even dii-ect 

• Ab by Mr. T. Meclian. Froc. Acad. Kat. Soc. Fhil., 1873, pp. 
205, 276. 

t The remarkable inflnence of the preeence of a "plant-bng," 
oaDBing tlie nonuallj irregalar curalla of Clerodendron to become 
bypeitrophied and pelario, will be deecribed hereof t(tr (p. 130J. 
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proof for my theory — that the forms and stmctares of flowers 
are the direct outcome of the i-efiponsive power of protoplasm 
to externa] stimuli.* 

■ Wo may, pcrhnps, bgb some aiial<>g7 between these nnions amangBt 
floral organs, whicli thua occnr sbnormallj in orchids and normally in 
BO many f owera, and inSammatoiy oilbefiionB in the human subject. 
It IB well knonn that certain, otbeririae abnormal, unions may be ccn- 
gonital, which nsually only occur through ioflammatiou set np by 
Bbucnnal eicitation, bat thej- aro not hereditary. 

I hare alluded to hypertrophy nnd atrophy aa cauaea of the atmc- 
turea of flowera, and shall haro more to say about them. I would here 
add the following analogoua phenomena between the animal and vege- 
tahla kingdoiua. Sir Jamea Paget remarka :— '■ Couatant eitrB-preaaure 
DQ a paii always appears to produce atrophy and absorption ; occasional 
preaanro may, and usually does, produce hypertrophy and thickening. 
AH tbe thickenings of tho cnticle are the consequences of occasional 
pressure ; as the presanre of shoes in occasional walking, of tooU occa- 
sionally used with the hand, and tho like : for it seems a necesBary con- 
dition for hypertrophy, in mott parts, that they ahouM enjoy intei'valB 
in which their nutrition may go on actively " {Led, on Svrg. Path., i., 
p. 89). 

The reader will perceive the significance of thia passage when 
recalling the fact that insects' visita are intermittent. 

Atrophy by pressure and abaoi-ption is seen in the growth of embryos ; 
while tho constant pressure of a ligature arresta all growth at the 
constricted place. On the other hand, it would seem to bo the persisteot 
contact which causes a climber to thicken (see p. 15G). 
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THE KECEPTACULAB TUBB. 



The Caj.tx or HECEPTAcnLAR Tubb.^TIu'h organ consists of 
a cellular shenth of varying degrees of thickness, free fi-om 
or adherent to tlie ovary. Much discussiou has arisen as to 
the true nature of it, whether it should he regarded aa axial 
or foliar. The older view generally maintMined was that it 
consisted of the lower part of the ontermost whorl of the 
perianth or calyx — in other words, that the basal or petiolar 
portions of the sepaline leaves were coherent; and if the 
ovary were inferior, thea they were supposed to bo adherent 
to the latter as well. 

Schleiden appears to hare been the first botanist who 
propounded the view that it was axial and not foliar. He 
was followed by others ; but this idea took two forms. 
According to one, it was thooght that everything below the 
snmniit of the inferior ovary — that is to say, the outer wall, 
the septa and placentas — was ajtial, and only the free portion 
of the anmmit of the ovary, together with the styles and 
stigmas, were foliar. According to the other view, it was 
maintained that the ovaries, styles, and stigmas were foliar, 
and the superficial covering to the ovary alone was asial. 
The first view was held by Schleiden, A. de Saint Hilaire, 
Tr^cnl, Payer, Prantl, and Sachs ; * the latter by Decaisne, 



' E.i;. SaoliH' Teil-Book of Balamj 



J. (2nJ) £. 



90 



THE STRUCTURE OF FLOWERS, 



Naadin, Ph. Van Tieghem, and, I think, English botanietg in' 
gen era!." 

There are three methods of investigation, which conjointly 
may gaide ns to the diacovery of the real nature of the tube. 
The fifst is that o£ following its development ; the second 
is teratological, and the third anatomical. 

MoKPHOLOGiCAL Invest 1(1 AT loss. — In tracing the morpho- 
logical development of flowers of the Eosacem, where the 
receptacnlar tube is a characteristic feature, one noticea how 
a border, surrounding the domelike termination of the axis 
which soon prodnces carpellary papillte, rises upwards and 
elevates the sepals and the papillae of the petals and stamens. 
This border ultimately foi-ma the tube ; and the qnestion is, 
whether it should be regarded as the basal pai-t of the calyx 
or a development from the axis. 

In the Fomew we find the apocarpous condition of the 
pistil, characteristic of all the other members of the Bonacets 
still retained at first ; but in consequence of the growth and 
close prosimityof the tnbe 
with the cnrpels, various 
degreea of adhesion are 
brought about between 
them ; thus, in Fyrus (Fig. 
a), the bases only of 
) carpels are from the 
first fused into the asis. 
Ill Cotoneaeler (6) the fnsion 
extendR to a higher level 
Such " half-inferior " ovaries occur in 
I Baxifraga granulata. Gloxinia, etc. From 
» completely inferior states, as in Oompositce 

• Bentham and Hooker describe the inferior ovary of the Fomtm'. 
he tennB, " GalyoiB tnbofl ovario adoatoB." 
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Umbellifertr, while Onagraceoi furnish illusti'ationa of 
ati estenaion of tlie receptacular tube to considerable distancea 
beyond the summit of the ovary, as in Ciraj^a, and probably 
Fuchsia and (Enoihera are similar cases. A !ilte prolongation 
ia seen in some Composifis with " stipitate " pappus, aa the 
Dandelion, Tragopogon, Hypochieria, etc. 

In. tracing tho development of the iaferior ovary of the 
ComposiltB, tho cavity of the ovaiy appears to be auiik below 
the level of the first emergence of the corolla and staniens ; 
and it is this which has suggested the ?iew that the ovary 
is part of the axis, and that only the style and upper portion 
of the ovary which is exposed is foliar. 

On the other hand, since there are abundant cases of 
transitional conditions; as, for example, between species of 
Saxifrsge, — S. wmhrosa having an entirely superior ovary ; 
S. granulata, one that is half-Bupei-ior, and S. tridactylitee, 
a completely inferior ovary ; and moreover, if we compare 
the Fomeie with the other tilbea of Rosacea;, comparative 
morphology does not tend to favour the above view held by 
Sachs, but rather inclines one to tbe impression that the basal 
part of the ovary mnst be carpellary and not axial, though 
thei* may be uo visible line of demarcation between tho 
canline and foliar stmctnres.* 

The existence of the above-mentioned facts, and many 
cases of reversion to entire freedom by " solution," supply 
good reasons for believing that the development of the 
carpels is more or less arresled below, wherever they are in 
contact with the receptacular tnbe ; yet they retain their 
power oE developing at least one ovule, as is often the case in 

• To regarcJ the septa of an inferior ovary " as tho prolongations o£ 
the mariiins of the cariiele ilownwnrds on tiie iasiSe of tbe ovary " 
(Sachs' Terrl-Biick, p. 5(i7), eeema to bo a very strajnod interpretation ia 
unlet to fit the aiial theory. 
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ardors. Moreover, tlie ovule is noJ| 
mtral, but ia really situated Jaterally, j 
e shall see presently, entirely I 



gamopetalona epig'ynons 
strictly biisilai 
Auafconiical investigatlo 
confirm this view. 

Tbratolooical Istestioations.— Teratological evidence a 
the asial, or in some cases, perhaps, petiolar nature of the .! 
Bo-calicd receptacular tube ja tolerably abundant. Thns, in I 
monstrous forms of flowers normally possessing inferior I 
ovariua, the pistil is eometiraes completely a 
latter ia replaced by a long pedicel which is usually wanting;i.B 
or else ia very short, aa in Honeysuckle, Epihhium, OrchitfT 
etc. (Fig. 23J.» Peara not unfrequently furnish similap'l 
instances, as in the case of the so-called "Bishop's 
Thumb Pear, which sometimes occurs of an 
ngated foim, destitute of core and Reeds. 
These fruits, which are merely swellings of the 
A'er-stalk, are produced from the second crop 
of blossoms, which have not energy enough to 
pi-odaco carpels (core) with ovulca or ripe 
ids."t There is little doubt that the recepta- 
lar tube is, in these caaes, converted into the 
j«uj-w^ai"rSi'rf rodlike structures in consequence of the total 

absence of the carpels from within it. In otheu 

words, it is axial. 

There are other indications of the tube being axial ii 
nature rather than foliar ; thus, it frequently becomes " pro- 
liferous ; " that is to say, flowers, or even branches, may grow 
out of it, as is often the case with Roses, Prickly Pear, 
Xfmhellijera, etc.J Again, certain kinds of Pears, Medlars, 



a ifl the interior of the flower, c 



g of a cup-like dcpreesioa 



^icfe, Oct. 9,1886, p. 464. 
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Roses (Fig. 24), etc., ocimaionally bear foliage on the 
external snrface of the tube, and wlien tba calyx of the Rose 
i abnormal] J folia- 
ts, stipules (Fig. 24, et.) 
. may appear at the 
of the tube, indicating that 




4 



point to be the base of the sepal. Sometimes Bupemumerary 
carpels are borne freely on the top, as in the Hawthorn 
(Fig. 25). 

On the other hand, a tendency to hypertrophy ia some- 
times discoTered in the petioles of leaves of Apples* and 
Pears (Fig. 211, p. 94) ; and a not infrequent monstrosity is 
seen in FnclisiBa, where one or more of the sepals become 
foliaceoas, and tlien their petioles are formed bnt often 
remain more or less adherent to the ovary if present, which 
seems to imply that the tube in this plant might be formed 

* Mr. MeeliBn deacribfia a aimllar inBtanos of an Apple-tree which 
never bore _floii.'«-s bnt alwaya had an Hbnnilanco of fruit. The lattpr, how. 
evee, were compased of metamorphoBeii und flcshv floitil whorls. He adds, 
however, that corlt.cella were formed abundantly on the outaide of the 
apples; remarking, "It wonld aeem, therefore, that with the lack of 
development in the inner aeries of whorla neceaaary to the perfect fmit, 
those which remained were liable to take on somewliab the cboracter cd 
bark Btmctnre " (iVoc. Acad. Xal. So. Phil., 1873, p. 9S). 
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the petiolar portion t 
tbe calycine leases (Fi^.J 
27). 

PLyllomea, however, 
arc after all but modified 
portiona of caalomes, and 
petioles are still less de- 
parturea tkon are blades 
from the nature oE an 
axis ; so that while in 
some cases one ia inclined 
to regard the tabe as 
more strictly axial, in 
others it seem to be more 
homologous with a sort of 
fagcialion of petioles. 

We shall see directly 
that the recoptacular tube 
of Frunus contains the 
baaal portions of the corJa 
pi-oper to tho calyx and 
corolla, BO that we might 
regard the latter as, on 
the one hand, axial cords 
preparatory to forming 
the perianth; or. on the 
other, perianth ial cords 
not yet differentiated into 

Similai-ly, in the case 
of monocotyledonona 
flowers, as the Daffodil, 
siuco petioles are less dif- 
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ferentiated from blades in this class than in Dicotyledons, 
the inferior ovary may be due to the combination of the pistil 
vith the united sheath-like portion of the perianth, which is 
prolonged abo7e the summit of the ovary jnst aa it is in 
Fuchsia, though it is not so prolonged in the Snowdrop. 

AfJATOMV OP THE Rbceptacclae Tube. — Tracing the course 
of the fibro- vascular cords from the pedicel below the flower, 
Bay of Pruntu Lauro-cerasus, the common laurel, there will be 
found to be ten, corresponding to tbe sepals and petals. 
The cortical tissue and epidermis are continuous throughout, 
from the pedicel to the summit of tbe tube. It is well seen 
also in the tapering end of a pear, from which the cortex 
gradaally widens, while the fibro-vascular cords mn verti- 
cally up the middle. Before the cords arrive at the border 
of the free tube of the Laurel, they have given rise to the 
staminal corda by chorisis, as shown in Fig, 28, a, b. Fig. a 




Fig M.— Rw*placnL«i tnbeoi 

represents a section near the t 
the sepaline (s) and the petal! 
gential chorisis to a whorl of sfami 



w (otter V.nTisghem). 

of the tube in which both 

(p) have given rise by tan- 

(si. 1) ; but the petalin 



by radial chorisis to another whorl (s(. 2), i.e. to twenty 
stamens in all. Fig. 6 represents a vertical view of the same.* 
• The single carpel is represented in Fig. a to show the position of 
iEe three coida, one being dorsal, and the other two marjjinai. 
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aa tlie corda are simple, i.e. up to the horizontal 
. 6, tliere is nothing to distinguiab them from 
corda of an axis, aa in the pedicel. If, tberefoi'e, we regard 
the branches above those levels aa belonging to the floi'al 
whorls, then the " asia " woald terminate at different 
heights up the receptacular tube — which would seeia to be 
rather too forced a view to be aoeeptable. 

Hence it woald eeeia preferable to regard it entirely as 
axial until the portiona of the perianth issue freely from the 
tipper part of it. We might compare these braneliea of the 
fibro-vaacular cords embedded in the axis (o those belonging 
to ordinary leaves, which traverse the stem for varions 
distanoea downwards till they ultimately vaoiah ; only in 
the caae of lea\ ea they are not coherent into a common 
cord below, but remain fiee from each other. Moreover, 
other members of the Boiacece show that they eannot be 
always petiolar , because m the rose the aepala reveal their 
foiiaeeons chaiacter, fartit by always bearing rudimentary 
leaSeta, and sometimes stipules aa well at the top of the 
tube (Fig. 24, p. 93). 

Further complications in the distribution of the cords 
sometimes arise. Thua, in the tube of the Cherry, I find that 
the petaline cords asaiat in furnishing the calyx-limb with 
vascular coi-ds, just as those corresponding to the arrested 
stamens of the Primrose enter the corolla of that plant. 
They either do not branch till they reach the angle between 
the sepals, or else from a point lower down. The small 
aecondary branches are mainly directed outwards towards 
the margin, as represented in Fig. 29 ; * being sopaline, and 
p the petaline cords. 

In examining tmnavei^e sections of inferior ovaries, 
what one almost invariably observes is an inner epidermis, 
on some part or parts of which are placentas with ovules, 
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an outer epidermis, and an intcrraedJate ground tisane, 
apparently nearly uniform in cliaracter, from one epidermis 
to the other (tia in Fig. 14, a to e, p. 68). A definite number 
of fibro-vascuiar cords penetrates this ground tieaue. Theo- 
retically, if thia structure consist of two parts, viz. the 
interior carpels and the exterior "tube," aonio line of 
demarcation might be expected to be ti-aceab!e ; but in the 
majority of cases it would seem, that, as neither the inner 
epidermis of the tube nor the outer one of the cai-pels are 
required, they are not developed at all ; and so the internal 
tisanes of the two organs become confluent and uniform, and 
thia accounts for the fact that the dorsal cords at least are 
simply embedded in thia common tissue. Nevertheless, in 
some cases there actually is a certain differentiation in the 
tissue, as Van Tieghem has shown in the case of AhtrtBrneria 
versicolor (Fig. 30), where a yellow band of cells marks the 





Fig. 2\ 



junction or congenital fusion of the two parte (indicated by 
the line in the figure). 

From the preceding descriptions, it will be seen, with 
regard to the sourcee of the cords belonging to the inner 
wborls, that they arise by division, radial or tangential as 
the case may be ; and then the secondary corda thus part«d 
off are generally included within the tisane of the tnbe. 
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These cords of tbe inner whorls may be given off at tha 
terminal point of the pedicel; that is, at the base of tbe flower. 
In this case they may all mn parallel from the base to the 
Biimmit of the receptacalar tube ; or they may branch at 
various heights within the tube itself, as in Pmnus, described 
above ; or, lastly, they may not arise until the summit of the 
ovary is reached, when they pass off and enter their respective 
floral organs directly. These variatiouB occar in both free 
receptacalar tabes aa well as when coherent to ovaries. 

As an example of the first case may be mentioned AUlras- 
meria vereicokfT ; of the second, Galanthus nioalis, or Snowdrop; 
and of the third, Narcissus. In Alstrcemeria, all the floral 
appendages have their cords distinct and independent, but 
invaginated by the tube of parenchyma throughout (Fig. 30). 
In the Snowdrop, the carpellary cords are distinct, but the 
perianth and androecium arc inserted ia the pedicel by a single 
verticil of cords, which becomee double higher up. Lastly, in 
Narcissus, all the parts of the flower are originally inserted 
in the pedicel by six cords, of which three give rise by 
successive tangential fission to a radial series composed of 
the dorsal cords of the carpels, tbe stamens opposite to the 
sepals, and the sepals themselves. Similarly, the other three 
form the petals together with the whorl of stamens opposite 
to them.* 

In Campanula, and to some extent in Lobelia, the cords 
• Ph. Van Tioghom, ta wliose resBarcbes I am indebted for the abovo, 
but which I have also paralleled in other caaea, repreeenta them neatly by 
the following forninlaa, wherein ( ) eignifiea vaacnlar union, and [ ] the 
cellolar unioa of the receptaoular tnbe ; while (d) stands for the dorsal 
and (ni) the marg^inal curda of the curpela. St^ signiGea petallne and 
St. aepaline Btamena. 

Alatrmaeria—\a S + 3 P + 3 St, + 3 Stp + 3 CJ. 
Golonttus— [8 (8 + Bt.) + 3 (P + St,) + 3 C.], 
JTarcHwu— [3 (S + St. + d C.) + 3 (P + St,) + 3 C„]. 
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belonging to the petals are given off by radiul ohoriBia from 
the sepaline, eitLer qaite from the base of the ovary or fi'om 
about midway up the tube; they then diverge right or left at 
an acute angle, and, as soon aa they have reached the eummit 
of the OTary, pass up into the corolla.* As a rule, however, 
the petaline cords of flowcra are quite distinct from the 
sepaline ; the six or ten, common to Monocotyledons and 
Dicutyledona respectively, forming the fihro-vascnlar cylinder 
in the pedicel. 

In all these and other cases the corda running np the 
receptacular tube proceed originally from the petiole, and 
are, ao to say, even there intended for the appendages above. 
Normally they retain their axial character, in being an^anged 
in a circle ronnd the ceutre ; abnormally an appendicular 
character can be revealed, by their becoming free and aaaum- 
ing a foliaceous aspect, as in Koses or Fuchsia, as mentioned 
above ; ao that aa long aa the tube is normal, i.e. a cylinder 
of cortical parenchyma with cords, it is of the nature of asia, 
and can develop extra phyllomes and even buds ; but abnor- 
mally, the foliar nature, usually limited to the floral membera 
at the summit, is extended to a greater distance lower down 
and the cords may now be converted into petioles, etc. 

Hence it appears undesirable to call it either a calyx tube 
or axial ; for these terms would seem to hind one to consider 
it permanently and in all cases as being either of one nature 
or the other. The term receptacular tube is therefore best, 
as it certainly " receivea " or supports the whorls of the 
flowera; and Teratology clearly shows that it can be either 
foliar (petiolar) or axial according to circumstances. 

• Ttiia reminds ono of tlie way in which atipalnr nppeudageB of 
Qaliiivi, etc., are Bnpplied with cords — not by their intercalation into 
1 GbrO-raBcnlBr cylinder of the stem, bat — from a horiKontal 
le of fibres which conueata the corda of the oppoaita leaves. 
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Just as the two complete vascular cjlindera of two separate 
floral peduncles can become fused into one oval cylinder when 
the latter are " fasciatod," ho, too, would it seem that the corda 
belonging to the separate parts of a floi-al whorl, where thero 
is no receptacular tnbe, can form a single united cjlinder, 
which one then designates as the receptacular tube. 

In the case of the inferior ovary, 1 would again emphasize 
the fact that the difBculty felt as to what is axial and what 
carpellary is entirely removed if the nn differentiated 
ditioa of the carpels bo thoroughly understood. Indeed, 
whenever two organs are oongenitally in union the epldemiia 
of each is undeveloped, and tlie two mesopLyla become one 
BO that the dorsal cords of the carpels and those propci 
to tbe axis ai'e alike plnnged into a comraoQ tissue, which, 
regarded as one, ia neither wholly axial nor whnlly carpellary. 
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The Form op the Pbihanth — General OuaEKVATiONS, — It 
reqairea but a most cursory observation of flowers to notice 
bow gi'Gat is the variability in the forms of all their organa ; 
and the questions now before ua are, how these morphological 
charaotei-s are correlated to the one pivjcess of pollination in 
order to eecuro the fertilisation of the flower, and how this 
infinite diversity of form has arisen. 

Most important differences in this respect follow from the 
fact of flowers being regular or irregalar, and, when adapted 
to insects, according as the honey is easily accessible or not. 
Regular " flowers when borne singly are almost always 
tennioal ; f and when they are arranged in racemes, etc., 
they either stand ont erect at the ends of theii" pedicels so as 
to be readily approached at any point of their circumference, 
as in the Wallflower, or else they are pendulous ; under which 
conditions, as a rale, no particular part is favoui-ed by tlie 

* It ia OBiittl to apeak of a fiower as being regolar or irroKolar ; but 
tho tarm ahonid be, atrioilj speaking-, confined to one whorl Qt a time ; 
tboDgh when the corolla is irregolBr, the calji and ataiuena are nsnally 
Bomewhat irre^ar as well. 

t The central and terminal flowers of many plants which elaewhere 
boar irregular flowera are often regalar, aa in HorBe-ohestont, Pelwrgoniam, 
several of the Serophularineir., as Snapdragon, iimarw, Pmitsttmon, etc 
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insect more than another. It is only when tlie Bower i 
aituiited laterally and projects horizontally, or approxirantely 
BO, with its limb or border in a vertical plane, and, moreover, 
is more or less closely applied to the axis, that an insect is 
compelled to alight npon it on one side only, when approach- 
ing it directly fiBtii the fiont. It then throws all its weight 
npon the organs on the lower or anterior side of the flower, 
as is the case with the teel petals of papilionaceoaa flowers, 
with the lips of Labiates, etc. ; or else its weight is snstaioed 
by the stamens or stylo, or by both together, eb in Epilobium 
angustifoliii-m, Circma, Veronica, Larkspur, and Monkshood ; 
and whenever the stamens are declinate, as in Horse-chestnut, 
Dictaimiiis, Echium, Amaryllis, etc. 

Flowers which have irregnlar corollaa mostly show variona 
degrees o£ "bilatcial" form in their different whorls, and, 
have been called " zygomorphic." Sach flowers, as a rule, do 
not receive the visits fi-om so many different species of 
insects as regular flowers. These latter, not being charac- 
terized by the possession of any very definite contrivances for 
securing special insect agency, are accordingly visited by a 
much greater number and variety than those flowers which 
have become markedly adapted, and consequently restricted 
to particular visitors. 

It must not be forgotten, however, that regular flowers, 
if the tube leading to the honey be very contracted and more 
or less elongated, may become almost as much exclusive as 
very irregalar ones ; for such flowers are mainly restricted to 
Lepidoptera. 

The following examples may suffice to illustrate these facta. 
Jtanuncvlui acris, whieh is perfectly regular and with no 
specialized structure, is visited, according to Miiller, by more 
than sixty different species of insects ; whei-eas species of 
Aaonitum and Delpkiniwrn., the two most highly difE-erentiatad 
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and the only genera with irregular flowers of the Btttno order, 
are adapted to, and mainly visited by the latter Bpecios of 
bees. Similarly of conspicuoaa and regular flowers of 
Eosace^B, Pru/itiia communis has twenty-seven visitors ; Spirma 
CTmartii, twenty-two ; Ruhttafniticoeus, saijg-a&VGn; Fragaria 
veaea, twenty-five ; Cratmgm oxyacantha, fifty-seven. On the 
other hand, of iir^nlar flowers. Digitalis purpurea has only 
three naeful Tisitors ; LinaHa, nine or more Bpecies of bees, 
and Orchig m.asr.nla only eight. 

Ab an instance of a long-tnbed regular flower, Lonioera 
cierulea may be mentioDed, It is adapted to hnmble-bcos, by 
which it ia chiefly visited. Similarly, the flower of the 
Honeysnclcle, the lobes of which are scarcely if at all 
unequal, admits only a few lepidopterous insects which can 
reach the honey. So, too, Asperala tatiHtia, which has a tube 
9 to 11 mm. long, is visited by noctomal Lepidoptera. 

The Origin 0? Ikeegolaritt. — With reference to the 
theoretical origin of irregular whorls, I assnme that they 
have all descended from regular ones through external 
influences.* With regard to terminal, regular flowers the flow 
of sap is directed equally, radially, and in all directions on 
reaching the floral receptacle, and there is no inherent 
canseto make a terminal flower zygomorphic, or to induce 
one or more parts of any whorl to grow differently from the 
rest. Hence the primary cause of irregularity must come 
from without, and I regard this canse as issuing from the 
insect itself; namely, the mechanical influence of its weight 
and pressures. To this external irritation the protoplasm of 
the cells responds, and gives rise to tissues which are thrown 
out to withstand the strains dne to the estraneous pressures 

• The fibro-TaacnIar cords of the pedicel are amingatl at regnlar 
intervals, and are perfectly EymmetrioBl aroimd the muduUa in irregulai 
flowers, just as thej are in the case of regular ones. 
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the flower prepares itself to maintain an ~ 
equilibrium uuder the tensions imposed upon it, and irregu- 
larities are the resnlt. Such, for example, occur in bibbed 
calyces, as of Furze and Salvia; in the many forma of "lips," 
or labella,* and enlarged anterior petals ; in dependent 
stamens, as of Aconite and TSpilohiani angiistifolium, or in the- 
more osuaiiy declinate condition, as of Diclainnus, Aiiiaryllis, 
etc. In these latter instances, in which the andrcBcium bears 
the burden, the anterior petal ia either, as a rule, unaffected, 
and shows no increase in size, or else there is a tendency to 
atrophy, so that it ia reduced in size, as are the keel petals 
in Amherstia. It ia sometimes even wanting altogether, as 
in the Horse- chestnut. t 

• If the flower be resnpinatB, then it is the poeterior organ whioh, 
now being in the front, has beoome enlarged ; aa m Vtola and Orchis. 

t There has been more tban one investigation into the chubeb of 
Ejgomorphism (aa b? Vochtnnif, Ber. DeiiUeh. Bat. Qessell., iii. (1885), 
p. 341 ; and Priogaheim's Jahrb. f. Wisa. Bot., xrii. (1886), p. 297 : also, 
by Dr. P. Noll, Arbeit. Bot. Inst. Wurzburg, iii. (1887), p, 315). H, 
VOchtnng diEtinguisbes three dtSerent Bets of cmuea aa producing 
zygomorphiBni, viz. gravitation only; gravitation acting on- the oonBti. 
tntion of tbc organs ; and tbs const itntion of tbe organs nlone. 

An objection to gravitation pure and eimple ia, that all rtowera wotild 
be more or less snbjcct to it, and become more or less zygomorphic 
accordingly. It doea not accoant for thu infinite diveraity in the forma 
of zygomorphio organs; nor for the many corrplationa for inaect 
Bsiat between all parts of the flower. If to 
ir. we add the weight of the insect, which simply 
Juple with thia the preaanres eierted by the insect 
in various direotiona, tlifn we have an adequate theory, which 
gravitation alone could not supply. When VOchtnng speaks of " conati- 
tBtion alone" as a cause, I preanme he means heredilary effect. It bo, 
I wonid quite agree with him, aa zjgnmorphic flowcra now grow to be 
such from purely hereditary inflnencea. When, however, he would 
attribute the form of Epilobium anguBti/olinm. to geotropiam, ob the 
Buppoaed eanse of the lowermost petals bending upwards, and the 
B and Etyle downwards (see Fig. 34, p. Ill), I do not see how 
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Compensating' processes thiia come into i>lay, eo tbat 
while Bome parts are enlai^ed others are diminished, the 
former always having to bear the atrairs, while the latter are 
free from them. Thna the lip of Lainium conaists of one 
much-enlai^ed petal, which fomis an excellent landing-place, 
bat the two lateral petals, not being required, are atrophied 
to mere points. Similarly, while the two posterior petals 
enlarge to form the hood, presumablj due to the backwai-d 
tliruet of the insect'a head, the posterior stamen has vanished 
altogether. The gnmosepalous calys now furnishes its aid 
to aupport the alcndcr tube of the corolla, not only by 
doubling ita number of libs, but by uniting them all together 
by means of a sclerenchymatoua cylinder within the meaopiiyl. 

If the tube of the coi'olla be very strong and well able 
alone to support the insect, the adhesion of the filaments 
being also a powerful addition to its strength, then the calyx 
often remaina polyeepaloua, aa occurs in the Foxglove, 
Snapdragon, I'etunia, etc. 

If, instead of the anterior petal forming the lauding- 
place, the tube of a gamopetalous corolla has enlarged so as 
to admit the ingress of an insect which partly or entirely 
crawls into it; then it is this tubular part which, mora 
■ especially having to bear the strain upon it, bulges outwards, 
or becomes more or leas inflated in form ; while the lip or 
anterior petal, not having to bear the entire burden, is not 
particularly enlarged, if it be at all. The Toxglove and 
Gloxinia, as well as Fetwiia to a alight extent, illustrate this 
adaptation in irregular flowers, while "campanulate" flowers 
afford esamplcB amongst regular ones. 

grnvitfttion can act in any other way than " downwaraa." Bat if one 
obBerves bow a Tinmblo-bce SQHpemJa itself on the atntncna Tihilo its 
body, BO to BELj, thniBts tbe petals aside aod apwarda, wa find a much 
mors BatiafaatoT; interpretAtion in the theory I have proposed. 
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If no more than the head of an insect enter the flower, 
then the corolla shapes itaelf to fit it. Thus Snowberry, 
Soropkitlaria, and Epipactis only admit the heads of wasps, 
which are the regular visitors of these plants. 

Other instances ia which the limb ia not much, if at all, 
CBlarged occar in flowere especially adapted to Lepidoptera. 
Hovering, as they generally do, before the flowers, and in- 
serting their long pvoboscldes while on the wing, there ia no 
tendency to develop larger anterior petals, bat the irritation 
aiEects the tube only, which thus elongates aod contracts, 
resnlting in little or no irregularity in the flowers, as in 
(EnoiKera hiennig, in which the calyx tube has contracted, or 
in Hoiieysaeklo, which has a, tubular corolla. If bees or 
other insects visit the flower as well, then some degree of 
obliquity may result, as in Tevcriuw, Scorodonia. 

Thus, theu, may we get a rationale of the structure and 
form of floi'ttl organs, and their great diversity corresponds to 
a similar diversity in the insect world ; for the flower, if it 
be visited by many, will presumably take a form correspond- 
ing to the resultant of the forces brought to bear upon it ; 
if visited by few, it will shape itself in accordance with the 
leqnirements of its principal visitors; and thus is it that 
while some easily accessible flowers receive many classes of 
insects, others are restricted to few, or even one ; and then 
the insect and the flower are so closely correlated as to almost 
impress upon one the idea that they were mutually created 
for each other ! 

The accompanying figures of Buvemoia adhatodoides ' 
may illustrate my meaning. Looting at Fig, 31, a, alone (sup- 
posing we know nothing of insect visitors), one might ask, 
For what use is this great irregularity ? why and how has it 

• From a paper by Mra. Barber, Jiiiirn, Lin. Soc. Bot., vol. zi., 
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come into exiateneo ? And no answer ie forthcomiBg. Now 
tui-ning to Fig. 31, b, we see one use at ieaet. The weight of 
the bee must be very 
great ; and the curious 
shape of the lip, with 
its lateral lidges, is evi- 
dently not only an ex- 
cellent landing-pin ee, 
btit is so constructed 
as to bear that weight. 
Moi-eover, the two 
walls slope off, and aro <> 

gripped by the legs of '6-3 

the bee, bo that it evidently can set 
and can thus rifle the flower of ils 

Irregular corollas are very numerous, bnt certain prin- 
ciples, traceable to insect action, govern their forma. In the 
first place, the side upon whjcli the insect reats, or at least 
upon which its weight is thrown, is always enlat-g'ed, and 
mostly forms the landing-place. It is almost always the 
anterior petal; if, howBTer, the pedicel or ovary has been 
too slender to support it, then it haa sometimes become 
twisted, and the flower is said to be re.snpinate, so that the 
posterior petal becomes anterior in position, and is now the 
larger one, since it supplies the landing-place for insects, as 
in Orchis. Fumaria might be called semi-resnpinate, as the 
corolla has only rotated through 90°. A slight modification 
occurs in the "Bee-orchia," Ophnje apifera, which is nanally 
described aa having a twisted ovary like a true Orchis ; but in 
fhia species it has scarcely if any twiat at all; the flower, 
however, is bent over to the opposite side of the ateni, so that 
while the posterior petal ia still the labcllnm, the ovary has 
itself remained perfectly straight. 
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;t point to notice is that wLen the anterior f 
, the posterior one or more often enlarges also, 
while a corresponding tendency to ati-ophy affects the lateral 
onoa. This ia seen in many species of Leguininoem, Scrophii- 
larinem, and Labialie, and in zygomorphic flowers generally. 
It occare thus in the wing petals of many papilioiiaceons 
flowers, as is particiilavly well seen in Onobrychis. The 
immediate causes, I repeat, I would recognize in the weight 
of the insect in front, the local irritations behind, due to the 
thi-uBt of the insect's head and probing for nectar, coupled 
with the absence of all strains spoa the sides. In some 
papilioniiceoua flowers the wing petals form a landing-place, 
as in Indigofera and Phaseolus. Whenever this is the case, 
they too are enlarged, as the lateral ones are in Fig. 31, and 
undertake the duty impressed upon them. 

When, therefore, one finds as an invariable rnle how the 
front petals enlarge when flowers gre compacted and visited 
only from the front, and thna become iiTegnlar ; and as 
such often occur in orders where Sowers are normally regnlar, 
as Iberis, Centaurea, Heracleum, etc.; and, moreover, when 
the same phenomena appear in ordei'S having no aflinity 
between them, as in Lahiatm and Orchidecc; and are, indeed, 
to be fonnd thronghout the length and breadth of the floral 
world, one is justified in attributing such iiTCgnlarities to a 
common cause, that being, according to my theory, the 
responsive power of protoplasm to the irritations from with- 
ont, set up by insect and other agencies. 

Many other special cases might be described from the 
different orders of plants, but the above will suffice to illus- 
trate this principle of responsive action with resulting correla- 
tions to insect agency. I would here, however, call the reader's 
attention to the mechanical arrangement of forces as shown 
in Lamium and Echiunt, where it will be seen that the 
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adhesions of the stamena to the corolla furnish the fulcra, 
the cohesion of the petals into a tube affording a greatly 
increased power of resistance ; the weight of the insect on 
the labellum or declinate staraena is, of conrse, vertically 
downwards, and the line of the resultant, which the lip 
in Lamium and the stamens whenever declinate have to 
exert, passes through the point of meeting of the first 
two, and so sustains the insect while visiting the flower. 
Other and analogous instances will be described hei'e- 
after. 

Good illnstrationa of the occurrence of great thickenings 
jnst where the strain will bo moi5t felt, laay be seen in the 
Blipper-ahaped flowers of Oakeolaria (Pig. 32), Coryanthea, 
sad Cypripedium. Ihaa Calceolaria Pavonii 
possesses a thick ridge along the upper 
edges of the curved basal part, which , 
carries the inflated end upon which the 
bee stands, and which it depresses to get 
the honey. In this species it may be 
noticed the anther-cells are separated (a), 
BO that they can oscillate as they do in pig. 32.— niicMiorta i^ 
Salvia. In Cyprijiedium the edge is folded "™' "'"')■ 
inwards, thus strengthening the same part; while in CoTy- 
anthes the lower portion is enormously enlarged, thos acting 
as a powerful spring which forces the anterior end of the 
labellam to be in close contact with the column. 

TbE ORIOIN of IrBEODLABITT is the ANDRffiCICM. — As it 

is with the perianth, so is it with the andrceciiim : if the 
petals are regular tho stamens are usually regular also ; but 
when irregularity occui'S in the corolla the staminal whorl 
follows suit, and the position and form of the stamens are 
equally correlated to the effectnal pollination of the flower, 
Thna, afi hypertrophy affects the anterior side of the 
12 
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flowers of JJdbiattp, the anterior stamens are almost invarisibly 
the larger pair. Ou the other hand, atrophy has afEected the 
posterior side of the staminal wbovl, causing the total loss of 
the fifth stamen, and, to somo extent, a reduction in length 
of the next pair of filaments. 

"When the -weight of the insect is thrown npon the 
stamens, they either hang downwards, and the insect 
is Buapended upon them, as in Epilohiam attgudifolium, or 
else they become declinato and then the anterior petal, being 
relieved, does not enlarge, either remaining of the same size 
as the rest, or else diminiahca, and may even vanish alto- 
gethei'. Thus Vallola, with its perfectly regular perianth 
and spreading stamens, may be compared with Amar^ ilt's, 
which has decliuate stamens and a small anterior petal. 
The terminal flower of a " thyrae " of the Horse-chestnut, like 
the terminal flower of a "trnsa" of Pelargonium, is often 
regular with spreading etamens, whereas the norma! flowers 
have deelinate stamens, and 
usually only four petals, the 
fifth or anterior one being 
altogether suppressed. 

In some flowers the sta- 
mens are dependent at first, 
but their anthers rise np when 
dehiscing, and so the fila- 
ments become declinate in 
the pollinating stage. This 
is the case with Delphinium, 
Epilobium angustifoliumy and 
Bictanvtim (Fig. 33). In this 
flower the anterior petal is 
of much the same size as the others, but is often displaced 
(Pig. 33), and not immediately below the stamens, — this 
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lateral diaplacemBot of the anterior petal being not always 
carried ont, aa it is in the next flower to be desuribetl. 

In Epilobiiim, angjtetifotiinn (Fig. 34) and Godetia, wliicli 
have no anterior petals, the bees cling to the dependent 
stamens, while the petals have become permanently displaced, 
the two lower being somewhat raised, so that the angular 
distances are not the saiae. In Azalea and Bhododeadron 
thei'e is no anterior petal, but the posterior one is alightly 
enlarged, and this alone possesses extra ooloun'ng and the 
"path-finder." Tho stamena, being declinate, carry the 
insect without the aid of tho corolla, so that tho an tero- lateral 
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Fig. ii^S^BMjm atvusti/oliiun. fig. 3&.— Veronica Cftowcedrsl (after MMlH). 

pair of petals, not sharing in the support of tho insect, are 
not enlarged at all. 

In Cirecea. and Verimica Chamisdrys (Fig. 35), the insect 
clingB to the two stamens and style ; and the anterior petals 
are not enlarged, while in the latter flower it is, as usually 
the case, the smallest, the stamens of Veronica being attached 
to the lateral petala have to supply the fulcra for leverage, 
and consequently these have now become relatively hyper- 
trophied. 

In many flowers ivhich have snb-declinate stamens, the 
latter lie in a more or less boat-shaped anterior petal, show- 
ing that the action of the insect has somewhat affected both 
the whorls together, as they have each some share in carry- 
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ing the insect. Such is the case in thii Ocimoidem of Labiaiee, 
in Oollinsia hioolnr, the " Lemon-scented " Felargonijim, etc. 

CoBBELATioif OF GROWTH. — I havc only referred to the 
forms of flowers as gronped nnder the terras " I'egutar " or 
" irregnlar," and allndeil to a few instances ; for it ia not my 
object in this work to merely give illustrations of varioas 
kinda, which are presamably well known to the reader, but 
to offer a rationale of the whole, without, however, attempt- 
ing to say how each individual shape has actually come into 
ejiatence. To do this, it would be impossible in the present 
state of our knowledge of the history of flowers; my object 
being to suggest a probable cause, namely, the mechanical 
influence of insects, without excluding others which, we 
cannot trace. Nutrition, however, must be always borne in 
mind as an important one, hereditary influences as others — 
as, for example, in the restoi-ation of an irregular flower to a 
condition of regularity, aa occurs in Linaria, Lamwi/m, Glox- 
inia, etc. The point, however, which I would specially 
emphasize is the correlation existing between the several 
parts of the organs, so that, regai'ded collectively, they all 
conspire to secure one and the same end, that being the 
pollination of the flower. Thus, as I have shown above, the 
calyx of Saleia has a form and structure correlated to the 
tube of the coix>l]a ; the corolla has a form in strict adapta- 
tion to the weight and pressures of the insect which rests 
upon the lip. The stamens arc, again, correlated to the pres- 
sures brought to bear uppn tliera, and have grown in 
response, forming the remarkable lever-processes, which are 
also found io species of Calceolaria. Lastly, the style and 
stigma are correlated to the position of the anthers. Hyper- 
trophy in one direction has brought about atrophy in 
another, so that the two posterior stamens, are rudimentary, 
while the fifth has vanished altogether. 



^ 



THE FORMS OF FLOEAL ORGASS. 113 

Ifow, it might be argaed, tliat wben one organ changes 
its form others must do so in obedience to the " laws of cor- 
relation of growth," as Mr. Darwin showed to be the case 
■with the feet and bills of pigeons. In plants, however, the 
connection between varions parts, even in close proximity, is 
by no means so intimate aa between different oi^ans of the 
higher animals ; while the theory advanced here gives a 
common interpretation for the whole of the so-called correla- 
tions fonnd in any flower. That one is jiistified in saying 
that correlated growths are much restricted in plants, is 
clear from the experience of horticulturists ; tbna, while, 
e.g., the varieties of pease are infinite, they having been the 
object of selection alone, the flowers wliich produce them 
have virtually remained unchanged. 

A single coincidence has little or no scientific weight as 
indicating cause and effect. It is only when coincidences 
can be multiplied that they furnish a probability of a high 
order; which, even if they do not admit of a verifiable ex- 
periment, still fniTiish a moral conviction, which, by tbe rules 
of philosophy, is equivalent to a demonstration. Now, this 
is exactly the case with irregular flowers. They always 
occur in similar positions ; they are always constructed so 
that the insect in adaptation, to them can gain access to 
the honey in the easiest way ; their organs are so situated 
that the pollen should be transferred accurately to the 
stigma, etc. And when we find them distributed every- 
where throughout phanerogamous plants, the probability 
that the same or analogous causes have brought them about 
B of a very high order indeed 

Moreover, since we have abundant evidence of the re- 
sponsive power of protoplasm to build up tissues wherever 
they are required, I am not assuming an influence on the 
hand without ample evidence of the probability of the 
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responsive action on the other, coapled, of course, with here- 
ditary and other influences which fix the Tariation, Thus, 
then, as I believe, all flowers as we have them now, which 
are in perfect adflptation to insect agency, are the outcome 
of the resultant of all the forces, external and internal, which 
the insect has actually broug'ht into play or stimulated into 
action by visiting them for their honey or pollen. 

The belief that snch pi-ocesaes may have grown in 
response to mechanical irritations is supported by some 
interesting experiments made by Mr- O'Brien, of Harrow, 
who has kindly favoured me with the following remarks : 
" With reference to impressions conveyed by ' nervous ' force 
in Orchid flowora, whereby the expansion of the sepals and 
petals signifies to the reproductive organs that the time for 
fertilisation has arrived, I have observed tbat the periods of 
maturing and of decay may be either arrested or hastened in 
certain orchids by artificial means. With reference to arrest- 
ing decay, I took such flowers as Staniiopea and Ooryanthes, 
which have large membranous sepals, and which, in the 
ordinary coarse of events, become reflexed soon after the 
opening of the flowers, and shortly afterwards wither. 
These are then followed by the other parts. By seizing the 
opportunity as soon as tboy expand, and by passing a thread 
round them, so as to keep them m the condition of the flower 
when just on the point of expansion, they may be kept good 
for a long time, the flowers evidently, as it were, not 
reabzing the increased lapse of time, and being unaware tbat 
they had paaaed the period when they would have been ready 
for fertilisation. When so secured, a flower of Coryanthet 
speeiosa on my table kept fresh three times as long as it 
would have done on the plant. The dripping of the water 
from the horns above the bucket is also arrested. Finally, 
on releasing the ligature, the broad wing-like sepals imme- 
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diately became reflexed, aad the water commenced to drip. 
Shortly afterwards the wings shrivelled np, and tlie flower 
decayed in the same manner as it would have done a week 
before if left to itself on the plant. 

" I will now give an example of deceiving a flower by 
artiflcial means, by making it believe that its fertilisation 
has been accomplished without its having taken place at all. 
MiUonia Buseelliatia carefally gnards the approach to the 
column by closing the petals over it ; but on pushing these 
petals aside with a pencil, I always found that the labcllnm 
faded, and withdrew npwards very soon afterwards. The 
showy portion of tho flower, evidently having had it con- 
veyed to it that its duty waa performed, then followed suit. 
On carrying the deception still further to the reprodnctive 
organs, by placing small pieces of grit on the stigma, I 
found that the ovaries would swell in many cases, just as 
though the flower had been properly fertilised by pollen. 
This same result often takes place in Orchid flowers under 
cultivation, and seod-vesaels are obtained of full size, hut, of 
course, with no vitality in the grains within." 

As an analogous instance, I will add that it is the belief 
of M. O. Beccari that ants are not only responsible for the 
remarkable growths in Mt/rmecodia and Hydiiophytum., etc., 
but that they have become indispensable for the healthy 
development of such plants. The investigations of M, Trenb 
on Bitchidia, the pitchers of which are frequented by ants, 
like the stipules of Acacia sphcBrocephala, seem to justify one 
in concluding that genua also to be one of these so-called 
"Ant-plants " (^Ann. du Jard. Bot. de Buitemorg, iii., p. 13). 

Dr. Lundstrom also believes that the habit, of producing 
" domatia " is now hereditary, without the actual presence of 
the insects (see Joum. Boy, Mier. Soc. 1888, p. 87.) 
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CHAPTER XII. 

THE ORIGIH OP " ZTGOMOKPHIBH." 

BiLATEEiL Symmetry. — A feature abundantly illnstrated 
through the flowering world, in the coiietrnction of irregular 
flowers which are highly specialized for insect agency, and 
o£ which the Labiatce and ScrophalarmecB, for example, fur- 
nish many instances, ia the hypertrophy of the corolla in 
the direction of an antero-posterior plane, giving rise to a 
bilateral structure. 

On the one hand, the lips of various kinds, as also the 
keel, and often, the wing petals too, where they help to sup- 
poi't the insects in papHionaceons flowers, are accotmted for 
by the weight of the insects bringing about a responsive action 
in the protoplasm, thus dctei-mining a flow of nutriment to 
the parts demanding it, which now grow into the forms re- 
quired. On the other hand, the opposite or posterior side is 
often influenced as well, so that, as in Lamium, the lobes of 
the two posterior petals have grown into the enlai^d hood. 
The caase of this I take to be the powerful tiirust which 
insects exert against the posterior side while their weight is 
expended on the anterior. If a humble-bee be watched, as 
represented in Fig. 31 (p. 107), it will bo seen how eagerly 
and determinedly it forces its way into a corolla-tnbe if it 
wards, as in Duvemoia or Lamium. All the pres- 
B exerted along the median plane, like an oblong wedge 
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thrust into & circular tabe. The corolla then "gives," as 
it were, and expands along the antero-posterior plane. Tba 
calyx follows suit, and ofttin assumes a, bilobed funnel-shaped 
tube as well ; while the lateral lobes of the corolla tend to 
atrophy, aince they do not lie along the line of the pressure 
due to the weight of the insect (see Fig. 406, p. 126.) 

If the floral organs be imagined to consist of some 
plastic, extensible, but not elastic substance, and be subjected 
to various pressures, strains, thrusts, etc., in imitation of the 
motions of insects, it is readily oonceiyahle how the parts 
would yield, sti-etch, or bulge, and become fixed into shapes 
very closely resembling what has actually taken place in 
nature. In reality, of course, the ability to grow in response 
to the forces applied is to be substituted for the theoretical 
plasticity and extensibility of the imaginary material. 

CompenBatory degenerations occur in various directions, 
as in the atrophy of the lateral petal-lobea of Lamium, the 
loss of the fifth posterior stamen, the reduction in length of 
the filaments of the posterior pair of stamens. In this latter 
respect Nepeta differs from other genera , but aa we can 
readily conceive how all sorts of differences may and do exist 
in the direction and degree of the forces applied 
to flowers, some exceptional ones must have 
occurred in that genus which has favoui'ed the 
growth of the posterior pair, so that they have 
become the longer ones ; for there is DO rule 
without an exception. As another illuatnition, 
Teticriiim may be tnken. In this genus the 
"hood" is entirely wanting; but here, again, p. 
the interpretation is that, no hypertrophy j 
having been applied to them, the two petals 
of which it is composed have become reduced in size and 
"cleft," as shown in Fig. ^6, of T. (Teuaris) orientale. Bees, 
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when viBiting the flowera, hang downwards upon the corolla, 
as the lip and adjoining lobea ai-e in one vertical plane, and 
give no thrnst upon the posterior Bide. All weight, therefore, 
is thrown upon the front, just as it is on the stamens of 
Epilobium angustifolium,, doacribed above. Their weight has 
conseqaently, so to say, " split " the hood in twain, and the 
HtameuH now stand ei'ect in the cleft. 

The peculiar form of the corolla, with the whole of the 
limb dependent in a vertical direction, mnst thi'ow the weight 
of the insect so much to the front, that the leverage will be 
at a considerable disadvantage — much more so than when 
the insect stands more directly over the tube of a corolla; 
which latter, in that case, is often strengthened by that of 
the calys. To meet this difficulty the pedicel is curved over 
at the top, as may he readily seen in our common Wood- 
sage, and forma a spriug, while hypertrophy has attacked tho 
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of the calyx, in that it now carries two extra 
,rginal ribs, one on either side of the pos- 
10, as shown in the aceompany- 
This is exactly the reverse of 
I Salvia, and others which are 
the anterior side, when the 
er the centre of the flower, 
ed by the tube of the corolla of 
anterior pair of stamens form 



two thick ridges, much aiding it in this respect ; the poster 
pair, however, are, so to say, " sunk " into the tissue of the 
corolla as to be invisible in a transverse eeotion. 

Tkassitional Foems. — We may sometimes as it were, 
catch the formation of irregular and zygomorphic flowera in 
the process of formation ; for it not infrequently happens 
that one genos will he in^gnlar amongst its allitd regular 
ones. Thus. FertiMcu™ and Petunia are transitional genera, 
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Sriid stand intermediate between Solanaceai and Sarophula- 
rinem. The former genus has a 3esB zygomorphic corolla than 
many of the latter Ofder, and also retains the fifth stamen 
in varying degrees of utility. We might i-cgard both these 
genera as Solanaceona, and on the i-oad to acquiiing zygo- 
morphism, bat to which neither Las yet fully attained, 

"The short-tnbe [of Vcrbascwm nigrtim] widens out into 
a flat, five-lobed limb, which takes up an almost vertical 
position ; tlie inferior lobe is the longest, and the two 
snperior are shorter than the lateral lobes, so that an insect 
settles most conveniently upon the infoHor. The stamens 
project almost horizontally, but curve slightly upwards from 
the tube, and diverge sbghtly from one another ; they 
alternate with the petals, and again the superior is the 
shortest, and the two inferior longer than the lateral ones. 

. The style is Hhoiter than the inferior stamens, and 
bent down ahghtly below them " 

From this description, taken from Miiller's work,* which, 
pith slight modifications, would desci'ibe Petunia aa well, 
the reader will see how these flowei-s fulfil the requirements 
of self- adaptation to insect agency ; and in every point of 
detail are they responding to the foi-ces impinged upon 
them. The weight of the insect being well to the front, 
hypertrophy is commencing on the anteiior side, while 
atrophy follows on the others, there being no special thrast 
a yet on the posterior side of the flowers 

There are many other genera and species which stand in 
intermediate positions between others, and it has always 
been a matter of doubt to systematlsts as to which they 
should be referred. The interpretation of their existence I 
take to be as here described, namely, that they are in an 
actual transitional state, brought abont by insect agency, if 

• FertilUation, etc., p. 429. 
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they be flowers viatted; or by fluctnatiag conditions of nutri- 
tion, if not ; and then, arrested in that state. 

A further remark on a Bignificant point may be added on 
Petunia. In this flower, as in Verbascum, the limb of the 
corolla Btanda in a Tertical plane, the anterior lobe ia a 
triflB larger than the others, the five stamona hare a slight 
tendency to be atrophied on the posterior side, while tlie 
stigma has become jnst Bo ranch displaced as to hinder self- 
fertilisation. This property is, however, by no means yet 
lost. Florists are aware of it, and find it necessary to setf- 
fertilise, but not to cross, these flowers artificially to secure 
plenty of seed ; Mr. Darwin corroborates this (Cross and Self, 
etc., p. 193). 

We have, then, here a case, but by no means an isolated 
one, in which the forms of the floral organs are undergoing 
a change, but the physiological characters of the essential 
organs hare not yet been influenced by the external stimnlns, 
so as to become more or less inert upon one another, as is 
sometimes the case in highly differentiated flowers. 

Indeed, it would seem to be a universal rale that morpho- 
logical changes are more readily acquired than physiological 
barrenness; as by far the great majority of plants have 
retained their self- fertilising powers ; and, when they have 
lost it, it is easily and rapidly rea<!quired when the necessary 
conditions are sapplied, 

Echium is another instance of almost a single genus 
amongst others of the same order characterized by great and 
persistent regularity. Bhododettdron and Azalea may be 
compared with other genera of Ericacete, and the reader will 
readily suggest others. 

Sometimes the irregularity is confined to the stamens or 
style, or both, which may have a tendency to become decli- 
nate, as in Calluna, in some Liliaceous and AmarylHdaceouB 




THE ORIGIN OF " ZYGOUORPHISM. 



plants, as Karcistws Gorhularia. In AnagallU arvensis and 

Lycium, barbarum there ia nothing bat an obliqoitj in the 

Bt^le ol>serTable. 

In all the flowers wliich tend to show irregnbii-itiea the 

rnle is that the coi'olla-limb stands in a vei'tieal plane, so 

that tlie flowers are visited from the front. TLis I take, as 

mentioned above, to he generally a primary necessity for 

bringing about irregularities of all kinds. There are some 

campannlate and pendulous flowers where irregularity occurs 

in the lengths oF the filaments or the size of the anthers. 

Thnfl, I have observed great fluctuations in the stamens of 

NarcUtTis cernuus : some of these I have illustrated in Fig. 37. 

I noticed that a peduncle al ways 

bore the same -form in every 

flower of its umbel. There 

were mostly three flowers in 

each, as of a, b, a.nd d; one 

specimen of a and one of e had 

only a single flower; and one 

of c had two flowei-s. In a, i, 

c, d, the three short stamens, 

an well as the three long ones, 

were all of the same height, respectively ; bnt ia 

shorter set was taller than the rest. 

Similar fluctaations are not at all nnooramon in cultivated 

heterostyled plants, as Primroses ; as will be allnded to again 

in diecuBsing the conditions of hetei'OHtyliam. 

In Fritillaria Meleagrv^, though no irregularity occurs in 

the pei-lanth leaves, it often appears in the andra?cium, and 

18 more especially observable in the lengths of the anthei-s. 

This would seem, therefore, to be another instance of 
^1 incipient change. 
^B Calluna vulgaris is likewise juBt 




Fig. 31.— Jforciiiw rx. 
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irregolar. The flowers are almost hoiizontal, closely c 
pacted against the asia, and conBeqnently not readily visited 
on any side except fi-oia the front. The style and stamens 
cuvve upwards, so that " the smaller bees and fliea thrnst 
the head or proboscis from, the front into the flower, and the 
npward curvature of the style and stamens causes the insect 
to enter by the lower lialf of the flower, and so to get dusted 
with pollen fi'om above." ■ 

Miiller also notices, about this flower, that "the style, 
which even in the bud overtops the stamens, grows very 
markedly after the Bower opens, as the flower itself does. 
As a rule, it attains its full length only after the anthers 
have completely shed their pollea, at which time also the 
fonr-lobed stigma reaches its full development.'' 

He gives five figures of Saxifraga Seguieri to show the 
progressive stages of development. In the first or female 
(protogynous) condition the stigmas only are mature, the 
anthers, petals, and sepals being far from Laving attained 
their full size. It is not until half the anthers have shed 
their pollen, and the others ready to do bo, that the flower 
attains its complete dimensions f 

I refer to these facts, which arp equally applicable to 
many other flowers, to show that growth normally continnes 
after insects have commenced to visit flowers ; so that there is 
plenty of opportunity for the petals, stamens, etc., to respond 
to the insect's action before reaching maturity. 

Dr. F. Noll has investigated the variona movementB of 
zygomorphic flowers during growth, resulting in the external 
position of the flower; and he finds that the excess of 
weight on one side is, when necessary, counterbalanced by 
active tensions (see Jl- R. Mlc. Soc, 1887, p 612 and refEa.). 
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CHAPTEE XIII. 

THE EFFECTS OF STRAINS OS STKCCTURES. 

Vboetative Organs. — In explaining the origin of irregular 
flowera by insect agenej, it will not be amiss to fortify the 
theory by deacribing other instances apai't from flowers, and 
to add further results whieh I believe to acurue fi'om the 
persistent action of insects on the one hand, and a ready 
response on the part of the organ on the other. 

Besearches into the anatomy' of stems have proved the 
existence of this responsive power. Thus, a tree will develop 
'wood in a particular direction if it be compelled to meet 
special strains imposed upon it ; for Andrew Knight found 
that when trees wei'e allowed fi-eedom in one direction only, 
and were thus made to oscillate in definite directions, either 
east and west or north and south, the stem became elliptical 
in section, the long axis coiTesponding to the direction of 
oscillation. Mr. Herbert Spencer has also described how 
Ctictusea, if submitted to particular strains, develop wood to 
meet them. 

The various kinds of the supporting tisanes of pedicels, 
such as collenchyma, sclerenchynia, the so-called Hber-fibrea 
as well as tme woody fibre, are all bo many contrivances of 
the stems to support the weight of the flowers and fruits, and 
to overcome gravity So, again, in the case of apples and 
pears, it they hang vertically downwards they grow aa 
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Hymmetrically round the innertion of tbe stalk as an orange ; 
but if the pedicel projects obliquely from the branch, they 
then thicken along tlio upper side, forming a aoi-t of biittreas 
rnnning down into the stalk, which also itself tends to 
thicken. This enlargement, which gives the peculiar " lop- 
Bideiiness " to several kinds of peara especially, and in a, 
leaser degree to some sorts of apples, is simply due to the 
fact that tbe force required to counteract the resultant of 
the two forces, gravity and tension — which act vertically 
downwards and along the stalk, respectively — mast be 
increased in proportion as the direction of the stalk ap- 
proaches the horizontal one. The accompanying diagram 
(Fig. 38) represents the basal end of a Dr, Jules Gnyot pear 
^ and in the position in which it'hangs 
npon the tree. The letters (weight) 
is in the bne of gi-avity, i (tecsion) 
acts along the stalk, while r coun- 
teracts the resnltant, which tends to 
tear the pear from the stalk at the 
upper side. This strain mnst be 
met, and the increased thickness 
ng. as—DUgrsni Dfthe emi ot* along this upper side enables the pear 
uj pear. ^^ resist it, and thua prevents the 

fruit, especially if it be a large and heavy kind, from being 
wrenched from the stalk. 

A somewhat similar (development often occurs with planis 
and lemons; only, as thei'e is no i-eceptacnlar tube in either 
case, the weight of the fruit causes them to produce a thick 
fold in the carpel on the under side, together with some 
degree of hypertropliy on the vpper, where the tension occurs. 
It is Dot nninteresting to notice how branches of trees 
similarly sustain the strain produced by their own weight. 
This is done by growing at an acnte angle (originally caused 
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by arising in tlie axil of a. horizontally inserted leaf), mueh 
more often than in a, strictly horizontal direction. The 
branch, after growing for a short distance npwards, generally 
bends downwards, assnming just the same cnrvatare as of 
declina,te stamens which have to support 1 
insects. 

If the vertical line in the adjoinii 
represent the trunk, and the curved 
line a hranch, the insertion at/sup- 
plies the fulcram, w is the weight of / ' 
the branch, and acts in a vertical 
line, p is the power inquired to 
counteract the resaltant of these two 
forces. •* 

When the bough breaks, either ^'E;^;^™«™, 
through an additional weight of Bnow 
or by its own weight on decay, it snaps off at the point p, 
i.e. the place where the force acts, as it can no longer over- 
come the resnltant of /and w. 

Rbproddctive Organs. — Applying these principles to 
floral structures, we have already seen in how many ways 
the sti'ain to which parts of flowei's are subjected, through 
the weights and pi-essnres of insects, are met and overcome. 

In a large number of instances the organ becomes curved, 
and asaumea the character of a spring, yielding on pressure, 
bnt recovering its petition when pressure is removed. It is 
often so with the claws of the petals of papilionaceous 
flowers, the stamens of Diccntra, Corydalis, and Veronica 
Chainiedrys. Similar structures are seen in many styles, as 
those of Pansy (Fig. 54), and in genera of Polygalacem. 

All declinate stamens partake of it to a more or less 
degree. The distribntion of the forces brought into play to 
support the insect is exactly the same as when a bough 
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has to support ita own weight, as ■> 
from what has been described, a 
dii^-am (Fig. ■tOa). 



be easily nnderstotrf 
id by referring to tho 




If the tiasne does not remain firm. 
indf;r pressui-e, then the lever-action 
if a api'ing may fail to be secured, 
and the organ will oscillate finely, 
as OD a pivot. This I take to be 
another resalt of a constant, but of 
coursennconsciouB, effort of the insect 
Fig. 4i>a.-i)i»pTini of dopHiiita *" push the organ in a certain dircc- 
bntSiTof ("t!.^"'* "'° ''^''" *'''"'■ ^^ '^ ^'^"^ ^^^^ anthers become 
versatile, and oscillate, and may 
become even inverted in position, when pollination is being 
effected by insects. Consequently anthei-a normally iati-oi-se 
can be made to assume a, pseudo-estrorae position. This 
happens with some Crucifer<e as Cardamtne pratensis. Tulips, 
etc. A similar cause I would attribute to the formation 
icdlating anthei'B of Salvia, and of the speciea of 
Oalceolaria, as 0. ravonii, which form the 
section Aposeeos of that genna, as shown m 
!, o, p. 109. 
As an esample of an entire flower illns- 
trating the distribution of forces, the accom- 
panying figure of Lamium album (Fig. 406} 
will explain how the forms of the calyx and 
corolla are adjusted to bear the weight of 
the insect. The bee alights on the lip and 
! then partially ci'awla into the expanded 
inth of the corolla, so that its weight 
I the direction of w. The fulcrum will be at /, 
and the i^esnltant of theae is in the opposite direction to r. 
This is where the strain will be felt ; bo that it is just at this 
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point where the backward carvature takes place which pives 
strength to the corolla-tube. This latter is also greatly 
supported by the tube of the calyx, which, as etateii, has a, 
curiously thickened cylinder withiu the mcsnptiyl. 

Flualiy, if we may admit the existence of this adaptability 
to sti'ains and other external forces, and that the various 
strncturea of flowers will grow in response to them and 
develop themselves accordingly, we have a clue to the 
interpretation of everyone of the most diverse forms which 
may be found in flowera adapted to insect agency. 

Similarly, with regard to several classea of cell stmcture 
which are now recognieed as having a supportive function, such 
as collenchyma, sclerenchyma, wood fibi-ea, etc., 1 would con- 
tend that such are not formed originally and anteriorly to the 
requirements of tho plant; bat that strains have beenresponded 
to, and the tissues fonned accordingly. Then, subsequently, 
hereditary inflneiiceshav9 come intoplay, so that noio they may 
appeal- even befoi* there is any actual necessity for them. 

I find that M, J. Baranetzki's observations * on the thick- 
ening of cell-walla tend to corroborate this view ; for he, too, 
has arrived at the conclusion that the secondary formations 
on the interior of the cell-walls are always in adaptation to 
protect the cell- wall against the pressures exercised upon it. 

Ill allnding to the above instances of levers and mecha- 
nical powers in plants, one mentally I'ecalls how abundant 
they are in the distribution of the bones and muscles in 
vertebrates. Those latter are, o( course, situated only and 
exactly where they are required. I cannot help thinking, 
therefore, that the old view was fundamentally correct; that 
such have been gradually bnjnght into existence by the 
effort* to meet the strains put upon them. If thip be true, 
then one and the same law has pi-evailed in tlie evolution of 
organs in both the animal and vegetable kingdoms. 

• Ann. dea Sci. Sat. {But.), it. (1886) p. 135. 
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CHAPTER XIT. 

ACQUIRED EEGULAEITY AND " PELOHIA." 

Reteesioss to Becdlakjtt. — Dr. Masters observes that "in 
caltiyated PelargoTiiuiua, the central flower of the umbel or 
' tmsa ' frequently retains its rcgulanty oE proportion, so 
as closely to approximate to the normal condition in the 
allied genua Geramii/m; thia resemblance is rendered greater 
by the fact that, under such circum stances, the patches of 
darker colour characteristic of the ordinary flower are com- 
pletely wanting, the flower being as uniform in colour as in 
shape. Even the nectaiy, wtich is adherent to the upper 
surface of the pedicel in the normal flower, disappears, some- 
times completely, at other timen partially. The direction of 
the stamens and stjle, and even that of the whole flower, 
bccomea altered from the inclined to the vertical position, 
111 addition to these changes, which are those most commonly 
met with, the number of the parts of the flower is sometimes 
augmented, and a tendency to pass fi-om the verticillate to 
the spiral arrangement manifested." • 

All the differentiations in an ordinary .ateral blossom of 
Pelargonium, brought about by insect agency are, in the above 
instances, reversed in conseqnence of the tenninal position 
of the flower. A more complete illustration of the efEect of 
r lA growth and the distribution of nutrition could not _ 

• Teratology, -p. 221. 
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well be given, showing how all the fcatui-es of irregalarity 
acqaired by the ordinary form must have been induced or 
impressed upon the flower wben growing liiterally and easily 
visited, bat that they ai-e readily lost as soon as the sap 
can be diatribated I'adially and so cause the parts to grow 
symmetrically I'ound the now vertical axis. 

Besides the occasional appearance of one or more terminal 
and regular flowers among a truss of in-egular ones, it is the 
object of florists to induce all the blossoms of many irref,'ular 
flowers to become regular. Thus cultivated Pelargoniums, 
Gloxinias, Azaleas, Pansies, etc., which are normally irre- 
gular, tend to become regular under cultivation, and lose their 
character! atio featnres. 

In all these cases I am inclined to recognize negative 
evidence in favour of the theory advanced; in that, presuming 
the characteiistic iiTegolarities to have been brought about 
by the agency of insects and throngh the crossing of distinct 
flowers by these creatures, and that the irregularities have 
arisen tinder the various pressures, etc. ; then, under cultiva- 
tion, though they may be repeatedly crossed by man — the 
process, however, not being effected in the same way as by 
insects, and consequently the causes of irregularity being 
wanting — the flowers now revert to their ancestral fonns ; 
while ample supphe'i of nntriment doubtless play an important 
part in the process. 

Moreover, though any irregular flower may become regu- 
lar, it is a significant fact that normally regular flowers are 
never known to suddenly assume any definite iri'cgular form. 

That the chsnge from irregularity to i-egnlai'ity is an 
acquired constitutional affection is seen in the fact that, 
when the flowers of a drooping Qloxinia are fertilised with 
their own pollen, a large number of the seedlings will bear 
the erect regular form of flower. 
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In the preceding cases the regolarity occnrriiig' 
normally iiTegular flowers is doe to the non-developmonfc 
or arrest o£ the usually characteristic features which give 
rise to the irregularity ; so that the resulting form is a 
rereraion to, or a restoration of, the ancestral conditions of 
the flower which is assumed to have been perfectly regular. 

As insects, by their mechanical actions, are here believed 
to have brought about irreguJaritiea in flowers; ao, con- 
versely, regularity can be reacquired through their agency 
in another way. Clerodendron is a plant in the corollas of 
which certain membei-s of the family Tingiiiie take tip their 
abode as pupa). The iri-itation induced by their presence 
brings about a hypertiophy of the corolla, which now 
assumes a regnlaiT form, while the filam.ent3 and style are 
likewise affected, becoming innch thicker than in the noi'mal, 
in-egular flower. 

Reversions to regnlai-ity may, therefore, I think, be safely 
referred to rnitrition as the immediate agent, though ench 
extra flow of nutriment may be bronght about by diverse 

"Peloria." — Regularity may, however, arise in another 
way, by the members of the whorl or whoHs normally 
iiTsgular being all exactly alike. Instead of there being 
any arrest, there ia here an escesa of development. Thns, 
if, instead of the anterior petal of Jdnaria being the only one 
provided with a spur, all the petals become spnn-ed, then the 
corolla will become regular; but there is no other tendency 
to revert to tlie ancestral form. This variety conatitutes the 
form called " Peloria " by Linnreiis. 

There are, then, two factoT-s, which appear either singly 
or together, in this process of change. First, a terminal 
position, as this tends to produce regularity in oonsequenco 
of an equable fl.ow of sap in all directions : just 
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determinea the persistent regularity of all flowera which are 
normally so situated and are visited from all directions. 
It will bo otteo fuund that when Suapdiitgona have pelo- 
riau blossoms they are in three-flowered cymes as in Cal- 
ceolai-ios, indtead oF a raceme, of whioh the central one 
ia regalar, while the lateral flowera ai-e irregular. Secondly, 
whether terminal or not, the influence which fii'st brought 
about the change in tho anterior part of the flower spreads 
to and effects all the rest. This statement, of course, only 
expresses what one sees, without explaining the pi-ocesa ; 
but the fact that the energy pecnliar to the formation of one 
organ can affect others is so common, that we mny i-ccognize 
the process as a principle of growth; just as stamens may 
become petaloid, on the one hand, or pistiloid on the other ; 
showing that "petaline energy" can affect the anditjeciam 
in the first case, and " pistOiue energy " in the latter. 

That the true pelorian fonn ia correlated to vegetative 
energy is seen in the fact that such a flower obviously reqnires 
more material than a normal one, and that petalody of the 
stamens frequently accoTOpanies the modification. Moi-eover, 
although of course usually sterile under such circumstances, 
yet pelorian LLnarias have been reproduced when the seeds 
were sown in a rich soil, Mr. Darwin also raised sixteen 
seedling plants of a pelorian variety of Antirrlnnum artificially 
fertilised by its own pollen, all of which were as perfectly 
pelorian aa the parent plant. 

That peloria ia due to hypertrophy ia also seen in the fact 
thatit always arises by multiplication of the normally enlarged 
orgnn. Thus, in lAnaria and Antirrhinum, all the petals are 
spurred or pouched; in pelorian Larksprirs and Aconites it 
is the spurred and hooded sepal which is repeated ; and in 
papilionaceona flowers it is the standaiMl which is multiplied 
five times, etc. An abnormal increase !n the number of petals 
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k peloriaa Pelai 



Horae- 



and stamens often c 
chestnut, etc. 

If pelorian forma were eqnally constant as the one-spurred 
condition, botanists would undoubtedly have recognized them 
as species, or perhaps genera, as it is tbe comparatively 
slight difference in the length of the spur upon which they 
separate Linaria from Antirrhiau-m,. Similarly Corydalis haa 
normally but one spur and one nectary. It, however, bears 
occasionally two spars and has two nectaries, as in Dieentra. 

" Peloria, then," as Dr. Masters obaerres," " ia especially 
interesting, physiologically as well as morphologically. It is 
also of value in a systematic point of view, as showing how 
closely the devistions from the oi'dinary form of one plant 
I'Cpreaent the ordinary conditions of another ; thus the peloi'ic 
'sleeve-like' furm of Calceolaria resembles the flowers of 
Fahiana, and De Candolle, comparing the peloric flowers of 
the Scrophulariacem with those [the normal ones] of Solanacew, 
concluded that the former natural order was only an habitudl 
alteration from the type of tbe latter. Peloric flowers of 
PapilionaceiB in this way arc nndistinguiahable from those 
of BiOsacecB. In like manner wc may trace an analogy between 
the normal one-spurred Delphimwnt and the five-spurred 

■ Aqiiilegia, an analogy strengthened by such a. case as that of 

H the five-sparred Sower of Delphinium,." 



* Teratologi/, p. 286. 




CHAPTER XV. 

THE OBLGIS OF FLORAL iPPENDAOEg. 

Epideemal Trichomes, etc.— While all conspicnoiis flowera 
invite inaecta of some sort or aiiotlier to visit them, which, by 
so doing, pollinate their Btigmas, it ia an importaDt thing to 
be able to exclude those which would rifle the flower of its 
treaanreB and yet not transfer the pollen fi'oni one Bower to 
another. Dr. Kemer, in hia intereattng work entitled Flowers 
ami (heir Unbidden Ouesls. has described and flgurefl a, large 
number of instances of the forms of flowers in which be 
detects various processes, some of which produce eticlty 
secretions, others occnning as hairy " wheels " and " tangles " 
of wool, etc. ; all of which tend to atop the ingress of antn 
and other small insects, and thus prevent them from getting 
at the honey. The question at once arises, How have these 
processes been caused ? Without attempting to account 
for all, the theory I offer will, I maintain, he anaweiable 
for a good many, especially for several cases of secretive 
processes and for the hairy ohfitructions. All these I would 
suggest as the immediate results of the irritations set up by 
insects; so that, as a consequence, they occur just and only 
where they are wanted ; so that, while they form no hindrance 
to the larger and stronger insects which have presumably 
caused them to be developed, they, however, may efEectually 
prevent the smaller ones from ectering. 
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In many cases the capability of tke flower to restrict 
itself to its proper visitors, and at the same time to exclude 
the wrong ones, ia a common result of the differentifttiona 
which have taken place. Thus, an elongated tube, as in 
Evening Primrose, and in sonie epecies of Narciasas, etc., is 
a direct resnlt of and adaptation to the long proboscideB of 
Lepidoptera, and in proportion as the tube ia elongated so 
does it prevent the ingress of short- ton gued insects, or of 
those with short proboacidea. 

Apart, however, from such and olher genei"al results of 
adaptations, whereby flowci-s have become, for example, 
irregnlar, and consequently their insect visitors are more 
and more restricted in number, there are innnmerable out- 
growths of various kinds which act as apecial obstrnctions 
to the entry of small insects which would not be able to 
pollinate the flower. Thus, while many regular flowers, such 
as Gentians, have developed horizontal hairs all i-onnd the 
entrance to the tube of the corolla, Huneysnckle nnd Veronica 
Ghamixdrys, which are irregular and approached fi-om one side 
only, have developed thera in the anterior side alone. In 
Amaryllis belladonna Kemer deHcribea 
and figures (Fig. 41} a one-sided flap 
growing out of fbe perianth, and 80 
folded as to fumisb a very small orifice 
for the entrance of a proboscis. There 
is'HO such gi'owth on the anterior side, 
but only on that one, the posterior, 
which is probed by an inaect. 

In Gentiana Bavarica there are 
riii/iaiiowin^ hoDf j-prutectur tooth-like processea at the entrance of 
dJierfcraer). ^^^ ^^^^^ ^^^^^ remind one of the 

appendages to the corolla of some of the Silenem. Monotropa 
glabra and Daphne Blagayana agree in having a large 
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Btipraa nearly blocking up Ihe tube ; and while in the foi-mer 
the irritation set up hy the proboscis of an insect has 
(presumably) given rise to a glntinous secretion, in the latter 
it has caused a development of hair,* 

Did we but know what the insects were, and how tliey 
have poised themselrea upon, tlie flower, and in what way 
their proboscidea and tongues have irritated the different 
parts, one might be able to describe more accurately the 
■whole process ; but that such has been the cause and effect, 
as above described, seems to nae to be too probable a theory 
to be hastily discarded in the absence of a better one. 

It is one of those ai^uments of deduction that escape 
the opportunity of verification, and can only rest for support 
upon the number ot coincidences which can be found, and 
which collectively furnish a probability of a high oi'der. 

When, then, we find that these processes always occur 
just where we know the heads, legs, bodies, and proboscides 
or tongues of insects habitually are placed and initate the 
flower, we are justified in recognizing, not orJy a coincidence, 
but a cause and effect^ though we may not he able to trace 
the action in each individual case. Thus, it may be asked, 

• The remarkable fact of Heliotrope being the solitary esoeption 
out of the order Apocynacea, with the stigma formiDg a circular lini 
below the summit, may meet with its interpretation from a like cause. 
The cnrclla is ho folded ronnd the style that it leaves no space between 
it and the latter. Hence it may, perhaps, have been due to a eimilar 
"rnbbini-," that has transferred the stigmatio aurfaoe frcm the new 
abandoned apex to a lower level, jaab where the atyle-aruis ougliC to 
begin to diverge. Thp papillie, too, differ from the ordinary form io 
bsing puiated like Sue hairs. The relative ditFerenoes in the distribution 
ot the papillfie on tlie Btyie-arma ot the Conipoeifte, I would also BiigKest 
ae having been bronght about by different inseotB wliich irritate them 
in varioaa ways. So, too, the diverging stigmas of io sect -fertilised 
ornoiferouB flowers may be compared with the amall globular form nf 
■elf-fertilisinj; speoies of the Crueiferie. 
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"Why are the three anterior petals of Tropmolum fringed, 1 
the two posterior, which stand a, long way behind, not ho ? 
Why are hairs produced on the anterior aide of a Honey- 
anekle and Veronica, bat all ronnd the mouth of the regular 
Oeniiana f And many other questions of a like sort might 
be raised. If we watch the habits of insects with their 
tongaes, we may easily see how they irritate the Tarioua parts 
by licking them, not solely where the honey is secreted, bnt 
the filaments, etc. Thus Miilier often watched Rhingia 
rostrata licking the Btaminal liaii's of Verhascum phteniceuin, 
and in many cases the hairs on the filaments offer a foothold 
to the insects while visiting the flowers, as in species of 
Mnllein ; such hairs, if ray theory be tme, being the actual 
resalt of the insects clutching the filaments or rubbing them 
with their claws. In Gentaurea, the epidermal cells oF the 
filaments hare produced projectirg processes just where the 
proboscis nibs against them when searching for honey in 
the little cup (see Fig 11, p 60), from the middle of which 
the style issues, as shown by the direction of the an-ow. 

These filanients also exhibit their esti-eine ii'i-itability by 
conti-acting, and so assisting in the " piston action " by 
dragging the anther- cylinder downwards over the style. 

While recognizing the coincidence between the localiza- 
tion of outgrowths, enationa, trichomes, etc., and the position 
of the parte of insects in contact with flowera when searching 
for honey, one must not forget that a great number occur 
where such contacts do not fake place. Hence we must look 
fur other possible causes for their origin as well. One of the 
commonest fonns of trichomes ia glandular hairs, and, as Dr. 
Kerner has pointed out, when they occnr on sepals, pedicels, 
etc., they form admirable barriers to the approach of ants 
ftnd other creeping insects, which might rifle the flower and 
yet not fertilise it. We must be on our guard, however, in 
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asserting tbat nature has produced tliem in order to keep ants 
off ; foi- that lino of reasoning is pretty sure to land us in 
faulty teleological methods. What causes them is not at 
present known in all cases ; though wo ra.iy perceive that 
certain conditions, as growth in water, can bring about theif 
disappearance, aa Dr. Kerner remarked in the case of 
Folygonum. amphibium, which only has them when growing 

If, however, wo ask, for example, why the Sweet-briar has 
them all orer it, and why the Dog-rose has none, I do not 
know how to reply to the question aa yefc. We may notice 
certain coincidences, that hairy herbacjous plants ai* com- 
moner in dry situations and smooth ones in watery; just aa 
root-hairs occur in a loose sandy soil and their absence is 
noticeable in a heavy one; but we do not know how these 
different media actually bring about these changes, though 
we may feel assured that it ia solely due to the environment. 

If we, thus, look elsewhere than ia flovrera for any 
analogous processes they are by no means wanting. For 
example, it ia aimply the naechanicai irritation brought about 
by contact with a foreign 
body, probably aided by 
moisture and a lessened de- 
gree of light, that caoBca 
the epidermal colls of the 
aerial roots of the Ivy and 
Orchids (Fig. 42) to elon- 
gate into adhesive or clasp- 
ing hairs, so as to grnsp the 
body for support. Tbis i 
only a form of the ordinary 

root-haira which are immediately developed when the tip is in 
contact with a moist soil, and each hair grips and glues itself 
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to the particles of soil.* Omtin noticed the prodnction ot 
haira when the roots came in contact with any obstacle; t 
bub Dr. M. T. Masters observes that the obstacle alone in 
their case is insufficient without moisture, for he foQod that 
tbe roots of Mastartt-seed could penetrate a stiff clay, but did 
not develop any root-hairs until they came ia contact with 
the sides of the pot — " Wherever there waa a thin film of 
water investing a stone or the sides of a porous fiower-pot 
or a plate of glass, there the root-hairs abounded." 

Besides a nutrient or moist medium, aetual growth in 
water may enormously increase the length and quantity of 
root-hairs ; as may be seen in the dependent roots of floating 
plants of HijdrochtiTis, etc. ; or in the hypertrophied con- 
ditions of the roots of grasses when gi-owing in water. 

That epidermal trichomea may be due to the irritation of 
insects is clearly seen by their appearance within the cavities 
of certain galls. J In the case, for example, of a very com- 
mon one on willows, the leaf bulges out beiow and forms 
a aort of hag, open or closed above. The tissues become 
hyperljophied though the epidermis and palisade cells are 
stiU recognizable lining the oavity. The leaf has scattered 
hairs on both sides ; but within the cavity much larger hairs, 
rich with pi-otoplasmjc or other matters, project fi-om all 
sides into the interior. Some are straight, others curved, 
club-shaped, or with irregularly swollen ends, not nnlike tbe 
forms produced on climbing roots by contact with a foreign 
body. AgTiin, the crimson "spangles," so common on the 
underside ot Oak-leaves, are covered with stellate clusters 

• Sachs' Fhy.1. of Fl. (En«. ed,). 1887, fig. 12, p. 19. 

t Mem. Soc. Nat. Sci., Cherbourg, 1856, p. 5i refprrea to bj Dr. 
M. T. Masters in Nvtes on Root-kairB, etc., Jonm. Boy. Hort. Soc.,vi)l. v., 
p. 1!1. 

X Cansc<! by Bpeties of yomatuB. 
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of liairB. Similarly, those of Ceddomyia VlinariiB on Spircsa 
Ulwaria are haiiy oatside, nnd papillose within ; while similar 
ones of a PhytoptuB on the Sycamore are lined with long 
blunt-ended hnira, and are clothed without by others, long 
and pointed. In all these cases the galls, as well as the 
hairs, are the product oE irritation set up by the presence of 
the egg deposited by the insect." 

As another very common instance of the presence of 
epidermal papillas and hairs, may be mentioned their occur- 
rence in the stylar atid ovai-ian cavities. The former, and 
the placentas especially, may be clothed with delicate hairs 
exactly resembling root-hairs. Sach may bo well seen in 
the Poplar, Tamus, Hichardia ^tkiopica, etc.; and since M. 
Guignardf has discovered that the mechanical and physio- 
logical irritation of the pollen-tubps ia required to cause 
their development on the walls of the ovaiy in Vamlla, 
between the longitudinal bands of conducting tissue, it is, 
I think, a by no means improbable theory that the tofts of 
hairs over the nectaiiea, "tangles," "wheels," etc., on the 
filaments or corolla- tubes, have been actually caused by the 
irritation of insects, since they occur just where such irrita- 
tions are made. 

One use of certain outgrowths has been regarded as 
intended to pi'otect the honey frota rain. Why, however, 
some flowers should be so favoured while many olhers, as 
of the UmbeUiferm, have no protection at all, is not stated. 
The interpretation I have here offered will, of course, apply 
to all Bnch growths, whenever they may really keep off I'ain 
or " unwelcome guests." 

* Krosan ha,a latel? disongEed the formation of the wooUineBS of 
gflllB, Bto., Oenlerr. Bot. Zeilschr., xsxnl (1887), pp. 7, 47, 93, Beqq. 

+ S<ir la Pallinieation et eea E/eM ches leu Orchid^es, pat U. L. 
■ Guignard, Ann. dea Sci. Nat., torn, ir., 1886, p. 202. 
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Position of IfECTiRi 

seem capable of being 

i mainly to be fou 



—These lioney-aecreting o^ans 
■ formed anywbere. Of coarse they 
flowers, bnt many plants bear 
them elsewhere. Thos, some ferns have them on the rachis ; 
the common laarel, as also the almond and peach, have two 
at the base of the petiole ; beans and vetches, as well as 
species of Imjiatieiis, have them on the atipnles 



Fig. 43. 
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re liJicr Kkh 

ir abode 



busy about the young 
ehoots of laarel as 
if they were visiting 
flowers. Acacia 
spkamcepliala has a 

upper sida of the 

\tamj; petiole, which snp- 
'^' plies those ants with 
in the gigantic stipules 



I Ibod which take np thi 
1 jeonliar to that genns-f 

■ Lee Neclaires, Ann, des Sci. Nat., Bot, vol. iii., p. 1, 1879; also, 
gtudes Analomlqiiee et Fhysio!osiq'ies des NKtaires, Coropt. rend., tom. 
:Tiii., p-HlSa, 1879 ; also, Cj-088 and Self FeHilimtion i^ Planta,-p. 402| 
, Stadler, Beitr. ». KermtnUf d. Nedarieen u. BMogie d. BlUihen. 
^ ' Nalarolist in mcaragiia ; also a paper bj P. Danrii^ J 

, on the aame Bnbjeot. 
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A microscopic examination of tlie anatomy of nectaries 
sliows them to be composed of small cells closely resembling 
tlie merismatic condition of ordinary cellular tissue (see 
Fig. 43, a), and eimilar to the an-ested parenchyma of the 
pnlvinuB at the base of the petiole of sleeping leaves, which 
enables that organ to remaia fleiihle. Or, again, it 18 very 
similar to the conducting tissue of the style, which owes its 
origin to the irritating effect of the pollen-tabea (chap, xviii.). 

The function of the nectary is to secrete honey, or, to 
speak more accurately, either principally glncose, or else cane 
sugar, or both, for the proportion vai'ies greatly.* 

The position of nectaries in flowers is very varions, and any 
oi^ns can fonn them. It will be enough to enumei-ate a few 
localities as follows: The Lime, species of Miilpighia,\ and 
perhaps Coronilla, fnmiwh instances, which are compai'atively 
i-are, of the sepals of the calyx being 
nectariferaus. In Buttercups, Hellebore, 
and Aconite, nectar is secreted by the 
petals or thtir representatives. In 
Violets, Alragene (Fig. 44), Fentslemon, 
and Slellaria the filaments undertake 
the duty, while in Callha, Monofropa, / 
and Ehododendron it is the carpels o 
pistil. In most instances the honey i. 
secreted by glands, disks, etc., issuin; 

out of the floral receptacle. If the ovary fib. <* Pstais pusring into 

be inferior, then the secreting structure j(^nV(nrttr sioiiert '" 
is on its summit, as in the Umhelh'ferw; 

and in that case it is the base of the styles from which the 
nectariferous tisane is developed. 

The Origin of Kectaries. — Limiting one's self to those in 
• Bull. Scio. Bot. Fr., viiL (1830), Rev. Bill., p. 313. 
t Nature, vol. xrii., p. 78. 
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flowers, there are many reasons for inferring: their existence 
to be due to the direct and irritating' action of insects them- 
selves when seai'ching for juices aa food or otherwise. 

That a merely mechanical irritation may canse a flow of 
nutrient fluid to the spot, so that the tissues may increase in 
aize by the development of cells, which would not otherwise 
occur, is abundantly evident. It is aeeu, for example, in the 
growth and development of galls; of the so-called "Ant- 
plants" on Myrmecodia. (p. 115), Jeacia sphcerocephala, etc.; 
in the thickening of all climbing organs as soon as the irrita- 
tion of the foreign body has commenced ; hence the inference 
that hypertrophy may occur wherever an insect's proboscis can 
irritate the floral organs, is bj no means without fonndation. 
Why the cell-contents of nectaries should especially give rise 
to sugar, is a question at present beyond answering. Those 
of condncting tissues appear to do the same. In the case of 
nectaries it raay, perhaps, have originated as a pathological 
phenomenon which has become fixed and hereditary; for 
pathological conditions often determine a flow of gum, as in 
Cherry-trees, resins in the Coniferm, watery and sugary dis- 
chargee from wonnda, etc. ; and it is impossible to draw any 
hard-and-fast line between a pathological and varietal state : 
afl, for example, in closing the scar after the fall of the leaf 
the fibro- vascular bundles are sometimes stopped by gum — 
a process which, in this ca?e, might be regarded as normal, 
and not pathological as in the former. 

If a particular locality be perpetually initated, so to say, 
for generations, all analogy shows that the effect may become 
permanent and hereditary ; at least, as long as the irritation 
is persi^itently renewed year after year. And, on the con- 
trary, the theory is equally supported by the negative evi- 
dence of the disappearance of the honey-glands whenever the 
whole flower degenerates and becomes regularly self -fertilising 
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or else anemophiloiis. In these cases, in uniBon with the 
degradation in size and coloar of the corolla, or else its entb'e 
loss, the nectaries tend to and generally vanish entirely ; aa 
may ba seen in Polygonum aviculare aa compared with P. 
Fagopr/min and P. Bittorta. 

The simple origin of nectaries, then, accoi'ding to my 
theory, is that insects, having been attracted to the juicy 
tissues of flowers, by perpetually with dm wing fluids have 
thereby kept up a flow o£ the secretion which has become 
hereditary, while the irritated spot has developed into a 
glandular aeci-etiog- organ.* These spots occur wherever the 
prevailing insect found it most convenient to search ; hence it 

I sometimes at one place, sometimes at another, even in 
cloaely allied plants. Thua, in Buttercups the stamens and 
carpels form a compact globe, especially the latter, and defy 
the peneti-ation of a proboscis. The corolla, however, admits of 

tt entrance of its base. In Atragene alpina the basal portion 
of the filament forma a nectary (Pig. it). Comparing these 
with Caltha, the large carpels of this plant admit the pa.=snge 
I proboscis between them ; and the nectaries are now 
developed on the sides of the ovaries, exactly where they 
■wonld be irritated. 

In Eanvjicvlas cortusafolitig, of the Canary Islands, which 

18 a corolla more than two inches in diameter, the petals 

■e entirely without honey-glands. On the other hand, the 
carpels are very large and flut, with plenty of space hetweea 
them. Although I could detect no honey in plants grown at 
rioore, Weedon, the tissue over the centre of the ovary was 
modified, and exactly resembled the ordinary tissue of a 
honey-gland. If I am justified in assuming the carpels aa 

is cloself aaaloRona to the action of the pollen-tube, wbich 
1, flow of notriment to the coniiuctin^ tiaaua, only there is a 
phf riolo^oal us nell as mEuliatt 
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nectariferous, this would bear out tlie above remarks, for it 
would be as easily accessible as in the case of Caltha. 

The merely occasional puncture and lesion cauaed by an 
insect whicb then flies away and does not keep up the iirita- 
tioa — nnless it be renewed by other insects — would not of 
ilBelE be hereditaiy.* Thiiu, for example, Anemone nemomsa 
appears to be honeyless, but supplies pollen to bees; yet 
Muller noticed them frequently pi-obing between the sepals 
and stamens, apparently to obtain juices wherewith to 
moisten the pollen. This process may have been the actual 
origin of nectaries, the result of a wound constantly repeated 
and kept up, being a flow of a sweet secretion, which has thus 
attracted insects and induced them to repeat the piwcess. 

Analogous Cases. — A somewhat analogons illusti-ation is 
that of galls, but in them the presence of the epj;, and sub- 
sequently the grnb, keeps up the irritation. These remark- 
able stractnrca do not form spontaneonsly as nectaries now 
do, without a puncture ; still, even in this case, tliere may 
be, for all we know, a predisposition to form them; perhaps 
seen in ths readiness with which the Oak forms so many 
kinds, and they may be now, perhaps, much larger than they 
were when insects of any particular species first punctured 
the ancestral oak upon which so many kinds have now been 
evolved.+ The apex of a shoot of Yew attacked by Cccidomyia 
taii is transformed into a fleshy ring curiously resembling 
the honey-disk of many flowers. 

It is well known that in the human subject there may be 
a predisposition for tumorous or cancerous gi-owths which 
is hereditary ; and there would seem to be a very close 

• InjnriBH, eapacially to the nerves, may be hereditary in man ; Bes 
Satv.Te, xxiv., p. 267. 

+ M. E. Hecikel thinks that the female " gall-flDwera " of the Fi^, 
with an abortive ovarf, in which the Cynips blaetnphaga lays its egg. is 
now on hereditary form (Bull Sac. Bot. de Fr., 1886, p. 41). 
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resemblance between tnmonrs and galla, thougb originating 
fi-om dIfEerent aoncces, both being bjpertropiiied conditiona 
of certain normal tisanes. For example. Sir B. C. Brodie 
thns describes a fatty tumour : " There is no distinct 
boundary to it, and you cannot say where the natural adipose 
Btructure ends and the morbid growth begins." It is pre- 
cisely similar with galls, which are dne to cell- division 
setting in at certain points of the epidermis and subjacent 
tisBuea. 

Altboagh lesions and mutilations will not as a mle prove 
to have any hereditary efiects, yet the tendency to respond to 
an irritation becomes permanent, and the form and structure 
of the resulting organ may actually appear long before the 
irritation is applied. This is conspicuouBly the case in the 
tendrils of Ampeloptis Teitchii, in which tbe adheaive " pads " 
are in preparation before any contact with a wall has taken 
place. This is not the case with A. hederacea. Similarly the 
aSrial and climbing roots of Ivj are regularly produced 
only on the shaded aide. They can, however, be readily- 
made to form on the opposite side, if that be artificially 
shaded j and where, indued, they may bo not infrequently 
foand in nature, where they can be of no nae. Such cases 
provo that the tendency to produce them is an hereditary 
affection which is present before the irritation is brought into 
play. Again, with regard to the tendrils of the Cucurhitacem, 
though the coiling does not take place till the irritating effect 
induced by contact with a foreign body has brought it about, 
yet the tendency is seem.ingly bo strongly hereditary that, 
in several cases, the tendrils are coiled while undeveloped in 
the bud, and have to straighten themselYea before again 
coiling on contact, as may be seen in the common Bryony. 

In the case, however, of a mutilation, when it has been 
once made, the place heals over, and there is an end of all 
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special vital action at the place. If, however, the eame 
place bo induced to secrete by constantly repeated irritittiona, 
aa the same flower is repeatedly visited over and over again 
before it fades, and the flowers of its offspring have to un- 
dergo the same process, year after year, generation after 
generation, I think it ia at least a reasonable anrmifie that 
there will at last ensue a permanent flow of fluid to the place, 
with a corresponding modification of structure, and so the 
nectary becomes establiahed. If, however, from any canso 
the flowers become neglected, then the nectaiiea degenerate 
and ultimately disappear. 

Apart from some general theory of the kind proposed, it 
is impossible to assign a reason for glands appearing at all 
sorts of places in flowers. A theory to be worthy of accep- 
tance must meet all cases, if possible, and I maintain that 
the one I propose is compatible with every observation that 
has been made in Sowers." 

* I would augEOBt a aimilar origin far tha inBectiTOPDns pitchers ot 
Nepaitlhei, Tliej originate, aa Sir J. D. Hoolcer has shown, from water- 
glaods. The effort to dispiiao of water bronght op by the flbro-rascnlar 
oord keapB the tisetie of water-glanda at the eitromity of a cord in a 
Btate of plethora, thereby BOmewhat arreEling any change of form and 
retaining the colla in the very characterifltio meriBmatic atngc. And 'if 
it now meet with an external irritation fmiD insectB attracted by the 
eaoape of flnida a further reaponse to their inflnonce begins, and tha 
Wondarfnl atrnctoroa WB are familiar with in the pitchers of Xepentkex 
are tho final reanlt. 

I Bee no greater difficulty in conceiving of anch an origin than in 
aojotiiorcomples: atroctore, snch aa thehnmaneye. If the latter could 
originate from an epidermal cell Bensitive to light only, and by auccea- 
Sivo inorementa, traceable more or leas distinctly throagh the varioua 
strata of auimal life, finally reach the highest and moat complei form 
of that of man, there ia nothing inconceivable in the growth and 
differentiation of a pitcher in responae to an eitamal atimnlos. 

What I cannot conceive ot ia, that any organ has over originated 
without a definite etiraulating canae acting peraiatently In one and the 
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Witli reference to the contioiioiis flow of neclar, I would 
draw Bome analogy from animal eeci'etions. Mr. Darwio, in 
speaking of the cow, observes * : " We may attribute the 
exoellence of our cows and of certain goata, partly to the 
continued selection of the best milking animals, and partly 
to tJte inheriied effect of the increased action, through mait's art, 
of the eeoreting glands." Tlila fact, I'ecorded in the last 
sentence, which I have italicized, ia only one example of the 
general principle of increase of growth by use, which 1 take 
to be strictly analogous to what takes place in the vegetable 
kingdom. And we may notice, in its special application to 
the formation of glands and other structures by mechanical 
irritation, that it ia none other than a mechanical irritation 
which keeps up the secretion of milk for prolonged periods. 

The common or physical basis of Tegetable life, namely 
protoplasm, is very nearly f indistinguishable in its properties 
from that of animals. Their behavionr la every day being 
proved to be not only similar but identical in the two 
kingdoms. The effects, under mechanical irritations and 
strains, of nutritive matters of the eamo kind, o£ poiBonona 
substances, of electricity, etc., all show that the bond which 
unites the animal and vegetable kingdoms together is of one 
and the same nature, and that the Imks of the chain &re 
forged out of this common basis of life 

It is not to be wondered at, then, but rather to be antici- 

aame direction. In the case of the eye, I take that caasc to be Ii^ht. 
In the case of an irregalar oorolla or the pitchier of Nepentlmt, I assnine 
it to be iaeeata (Tr. Lin. Soc, uii., p. 415, Ann So, Nal , i sec , xii., 
p. 223). 

Coaversolf , in tlio abBsnce of light the eje raniahes ; in the absence 
of iaaects, corolla, honey, eto., go; bo that aegative evidence toads bo 
Boppurt the positive in all cases alike ; see Or. of 3p., 6tli ed., p. 110. 

* Anim. laid PI. tender Dom., ii., p. 300. 

t See Joarn. Soy. Slier. Sue. 1887, 771. 
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pated, that tissues will behave alike in both kingdoniB ; thai 
organs will grow with nae and degenei-ate with disase ; that 
they will develop processea to meet strains put upon them, 
as the limbs of animals have done and as stems * will do b; 
forming special tissues; and, on the other hand, that tbej 
will ati'ophy if not called upon to display theii' powoi-s, as 
parasitic organisms abundantly show in both kingdoms ; and 
as plants degenerate in water, which saves them the ti-oable 
of supporting themselves. 

All this is exactly what one 6nds to be the case in every 
department of the animal and vegetable kingdoms alike, 
whenever we search diligently into the anatomy and meaning 
of the histological details of all parts of organisms. 

Correlations oc Floral Nbctauies with Poutnation. — 

There is yet another point observable in glands. As the 

position of a gland or nectary is jnst where it is most easily 

accessible to the particular insects which visit the flower — 

a fact abundantly illnsti-ated tbronghoat the floral world, — 

and since the sole use of it to tbe plant, as far as we can 

see, is that it should attract insects which ti-ansfer the pollen 

from one flower to another, one natarally looks to see if 

the positions of the anthers and stigmas are in any way 

correlated to that of the honey gland. Snch is, in fact, 

d TO gg t the anomalona stems ot 

m ra m mry collateral ases, bat all 

m t^ to a rcsponBe to the sbuics 

hi ae m oc ng in various directions, as 

ang O er pecoliar (eatucea, as of 



take t 






deg rac m ba g If-anpporting, bo that they 

oa. das m httractera of aabterranean 

''°^ -A^ga p Q important a, part in tho 

rnotnre ma oo w t thia game aotire layer is 

tna parent of at least BBVotal of the aboTB-mentioned Bapomnmerary 
tiamea in climberH, as in the tendrils of Oucta-bita, Bryonia, etc. 
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inviuiably the case ; bo that one cannot but infer that a 
coiamon cause has bi'ought about their correlated positions. 
This close correlation is, of course, especially observable in 
the more highly differentiate d flowers. In regular flowera, 
accessible on all sides, the glands are placed symmotrically 
round the flower — whether on the sepals, as in Lime ; on the 
petals, as in a Buttercup; or on the receptacle, as in Geranium 
pratense, — or else there is formed a disk, as in so many "disci- 
floral " plants. As Boon, however, as a flower begins to show 
some tendency to irregularity, or the flower is visited in one 
way only, the honey-secreting organ at once becomes more 
restricted in localization; as in the Wallflower, whore it foi'ma 
two cushions, out of the middle of which the shorter stamens 
arise, while the petals form two pseudo-tnbos leading down 
to those two glands. Again, in the Labiata-, so markedly 
zygomorphic, the honey-gland is often restricted to the 
anterior side, on which the proboscis is inserted. Similarly 
in Aniirrhinwti taajus, "the honey is secreted by the smooth 
green fleshy base of the ovary, whose upper part is paler in 
colonr and covered with fine hairs ; ... it remains adherent 
to the nectary and to the base of the anterior .stamens. The 
short wide spur permits the insect's proboscis to reach the 
honey from below ; above and in front it is protected by a 
thick fringe of stiff knobbed hairs on the angles of the 
anterior stamens."* 

It is hardly worth while giving other cases to prove the 
nnivorsal rule, that the position of the honey and its gland is 
always where it is most accessible ; and the position of the 
anthers is, at the same time, just whei-e they will be most 
conveniently struck by the insect; while the style and stignuk 
sapply a third correlation, so that the latter organ invariably 
hits the insect where the pollen has been previonsly placed. 
• Mailer, FertHiaation, etc., p. 433. 
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One more point may he noticed in connectioo with the 
above-mentioned correlations, nam«ly, the motility of many 
stumens. This is always in reference to fertilisation, and, 
if it be an adaptation to interorosaing, tlien tbe anther takes 
np snch a position that the insect strikes it when Heai-cbing 
for honey, as in the Aconite and Troptwlum. If, on the 
conti'ary, the motion is to secure aelf-fertilisation, then it 
is regardless of the honey, and may actually interfei-e 
with the access to it by insects, as in the Eosacem: for in 
members of this order, with an indefinite number of stamenB, 
the further they spread away from the pistil the more readily 
is the honey accessible ; but when they corve inwards, and 
crowd over the stigmas in the centre, they completely cover 
up and conceal the honcy-diak. 

The position of the anthers in relation to the honey- 
secreting organs will, I think, often be found to be the cine 
to certain anomalies in flowers. Thus in Geranivm prafense 
it has been noticed that the petaline stamens stand ulti- 
mately externally to the calycine. Now, the position of the 
five glands in front of the sepals requires that a tubular space 
should exist above them, down which an insect may thrust 
its proboscis, as in the Wallflower, Consequently the five 
stamens in front of the sepals mnat be so disposed as not to 
interfere with this passage. This can only be secured by 
their bending well inwards towards the styles below, and 
then outwards, above, so as to bring the anthers again on 
the same vertical plane as those of the petaline stamens. 

The more internal position of the caljcine stamens, and 
the external position of the petaline ones, are immediately dee 
to the gland, so to say, forcing the former inwards, wliile 
the buttress-like bases of the carpels thrust the latter out- 
'ards. This gives rise to tho so-called obdiplostemony ot 
the Geraniaceix. 
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GEHEBAt Illostuations — PROTOPLASMIC Iekitabilitt. — Having 
now stated on what grounds I believe that the cohesions and 
adhesions between them, as well as the fomia of floral strac- 
tures have arisen— namely, in response to tlie irritations set 
Tip mainly by insect agencies, coupled with the effects of 
nutrition, atrophy, hereditaiy influences, etc., — it will be 
desirable to show briefly, not only how remarkably sensitive 
almost all parts, both vegetative and reproductive, ai-c to the 
action of Stimuli, bnt how they exhibit even visibly respon- 
sive effects, both in the protoplasm of the cells and in the 
tisanes which are composed of them. 

The sensitiveness of living protoplasm is one of its most 
marked and well-known phenomena. It exhibits changes in 
its distribution within the cell as well as motions, which are 
the dii-cct result o£ external stimuli. These may be very 
Tflriotia, Bnch afl light, heat, electricity, or a merely mechani- 
cal irritation, as well as or^nic and inorganic solutions. 

Of the effects of stimuli upon the protoplasm, some may 
be beneficial, and partake of the nature o£ nutrition, as may 
be witnessed in tbe protoplasmic " aggregation " of insec- 
tiroronB plants.* Veiy similar appearances follow electrical 



* Seo Dorwin 
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15 Plants, fig. 7, p. 40. 
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'itations. Thna Fig. 45* shows the effect of 
on tlie throada of protoplasm ; a represents 
a coll of a Lair of Tradescaniia Virgi- 
niaea; h the same, after tbe application 
of an electrical cuirent. The following 
are Dr. Weias's observations upon this 

" A constant electrical current is 
witliout infiaence npon the protoplasmic 
excitation ; whereas the alternate shocks^ 

* rmm Weias's Anatovde der FJiavzsn, p. 95. 
+ Pfpffer LttsiioUceil that the weight, perse, 
J^ of tbe body in pontMt [if veiy aliglit?] ia of 
irtol no conaequoncB to teodrila. Tliua cutton.wool 
weigbiDg '00025 grain produced no effect if 
oarefnlly placed on tbem ; but it did when a gentle impact was oaused 
by slight oorrentH of air. Tentaclee of Dioaera have a. BenBitiTenesB very 
Bimllar to that of tendrils, inasmuch aa small splinters of glass only 
produced irritation of tho glands <nhen they cansed a rubbiog as the 
result of concussion (see Jo«nt. Ray. ilicr. Sm., 1886, p. 285). 

PfefEer concludes that the coodnetion of aeuBitiTHnesB is not alto- 
gether due to a ooutinuity of protoplasm, as it does not o:(tBnd to tha 
epidermis. Since, however, tho ontar cell-wall of the epidermis can 
grow when in contaot with a foreign body, it would seem to oloarly 
indicate that under such circumstances it still retained its protoplaami 
and that the modem view of the coU-wall being at first a prDtoplaamiQ 
layer, and not altogether a dead secretion from the prutoplasm within 
it, JB oorreot ; for otherwise it is difficult to imagine how it could adapt 
itself to the eorfauea of foreign objects at all. 

Meckel, in studying tho movements of the stamens in Sparmamtia, 
Cistus, and HeliaiUheiman, discovered that tbe epidermis playa an 
important part : " L'^piderme, contraircment i ce que vonlait Morren 
(_Ann. dee Sci. Not., t. lii., p. 104), eat done dans qaelqnea csa I'organe 
principal et visible dn mouremeDt. Jo me snia mieux asgorS du rAle 
qn'il remplit, en enlevant cet epiderme qonnd les dimensions des filets 
mobiles le permettaient sans mutilation profonde {OtatuB ladatiifenu) : 
tout monvement alora £tait saspendu " (Bull, de la Soc, Bot. de Ft., torn, 
iii., 1874., p. 212). Bee below, p. 163. ^ 
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oE an iijdactional apparatus always produce more or less deeply 
extending changes in the form of the plasm, which resumes 
its normal character if the power exerted he not too sti-ung. 
The protoplasm immediately forms itself under the indnc- 
tional shocks into lumps or balls ; and, moreover, often Bends 
club-shaped extensions with great suddenness and energy 
into the cell lumen, and immediately brings the cii'culation to 
a standstill. The rotation returns, however, after a period of 
rest, the extensions are drawn in, and the former net-shaped 
distributioQ of the protoplasm is restored, even when the 
whole mass of the plasm has been changed ioto a nnmber of 
colourless balls and lumps. If the current is allowed to go 
only through a limited portion of the cell, then the streaming 
stops also in this tract only, and that, too, amid tho fonoation 
of the Inmps and balls. 

" A sudden increase and decrease of temperature acts in 
the same way; there ensues a foimatiou of drops, a cessation 
of the current, etc. Tet even here a retura to the normal 
constitution takes place if no i-eal coagulation of the proto- 
plasm has occurred. On the contrary, the cui-rent often ensues, 
after its recommencement, with a greatly heightened speed, 
and even boisterously. The grains, etc., found in tho cell-sap 
outside the protoplasm are, however violently the cnrrenl; 
may flow, in no way inflaenced by it, but remain at rest." 

M. E. Hcckel has described* the effect of a mechanical 
irritation on the protoplasm of the cells of the filaments of 
JSerheris. He says that the cells of the irritable part are 
arranged in a parallel manner, being longer than bixjad. 
Their contents are of a yellow colour, and disseminated 
throughout the whole cavity, but especially applied opon 
the walls. After receiving the escitation, the same cells, 
the surface of which is striated transversely, are 
• Bvll. de la 8oc. Bot. dt Ft., torn, xii., 1874, p. 808. 
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together or ag^gregated, bo as to occupy only two-thirds of 
the space they formerly reqnired. The contents, retreating 
from diffei-ent points of the circumference, are condensed in 
the centre of the cell, and the ti-ansverse stviaa ai-e pro- 
nounced in a hig'h degree. The cells at the back of the fila- 
ment are contracted in repose, and extended under irritation, 
i.e. in an opposite manner to that of the other side of the 
filament. The irritability does not reside in the epidermis. 

A reanlt oE this aggregation must be a frequent displace- 
ment of the nnclena. In Weiss's figure the irritation hap- 
pened to be made apparently at one end of the cell, while the 
nucleus was at the other ; but in Heckel's descHption it 
appears that the protoplasm is drawn fwim every point ; 
ao that, supposing the nucleus had been at the lower end 
of the celt (Fig. 45, a), it would have been most probably 
displaced. The consequence would be, that if such a nucleus 
fonned it-s cell-plate, the nltimato position of that plate 
would be different from what it would hnve been had no 
irritation been applied to the organ. 

Though one does not look to electricity as a caase in 
natm-e, yet that light determines the dii'oction of cell-division 
is abundantly proved in the case of leaves, whose tiaauee alter 
according to their position ; the palisade cells, for instance, 
bring formed on. both sides, if the exposure to light be equivl, 
or on the under side if that be placed uppermost. Similarly 
does it influence the formation of stotnata,.* Again, Stahl has 
shown that the direction oE the division of the nucleus, 
which takes place in the spores of Equisetum. depends upon 
the direction of the rays of light; the two daughtsr-nuclei 
lying s» the direction of the ray. On the other hand, the 
nucleus at the greater distance from the source of light is 
that of the root-cell, while the one nearer to the source of 
• M. L. Dufonr., Ann. Ed. Nat., torn. 50 (1887), p. 31 1. Soo bolow, p. 173. 
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light ia that of the prothallium cell.* Climbing roots of 
Ivy also appear on the darker aide of the shoot, etc. ' 

It 18 impossible to regard the above cases as isolated, bat 
they are special instancea, rcTealing not only the general 
irritability of protoplasm, bat the minuter effects upon the 
nuclens, which, in its tnm, ia thtiB compelled " to respond," 
and sets np cell-division, i.e. the formation of a tissne in the 
direction of the external inSuence, as mentioned above in the 
sentence I have italicized. 

The next very important point to notice is that cell-divi- 
sion can take place in response to, and in the direction of an 
external meahanieal stimulas, just aa well as in that of light. 
As the sensitive plant is inflnenced by, and visibly moves its 
foliage ander the irritation of a touch or of vaiying degrees 
of light, so do I assume that the peculiar anatomical 
strnctnres which permit of those motions ai* the direct result 
of external stiraali. Sparmannia, it may be added, exhibits 
three kinds of movement, viz.. Sleep in the calyx and corolla, 
inechanical irritahility in the staniena, and an elevation of the 
peduncle. (See Heckel, I.e., p. 210.) If thia position be 
granted we have at least a working hypothesia for the 
present theory of the oi-igin of floral structures. 

Formation of Tissues due to iBHiTABir.iir. — Apart from 
the preceding theoretical supposition, there may bo fre- 
quently witnessed an actual formation of tissues of various 
kinds, through hypertrophy on the one hand, often coupled 
■with atrophy on the other, and entirely brought about by 
physical or mechanical irritations. Cell -division is thus set 
up, a result which would not have occurred had not the 
external stimnlua been applied. 

It is an important fact to notice, that in some cases the 
abnormal growth, though immediately following the Btim.ulns, 
• See JI. Bov. Micr.Soc.,188G,p.287j and BuH. Soc. Bo(. iV., 81, p. 66. 
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and never occurring without it, leaves no hereditary effect a 
in the case of galla • and of the thickening of the tissaea of 
Bome climbera after they have canght and clung to a foreign 
body, such as the petioles of Clematis,^ and the hooked 
peduncles of Uncaria (Fig. 46). In other cases the effect 
has become hereditary, and may 
then be regarded as a specific 
character. These differences are 
well seen in the tendrils of Amjpe- 




■with those of A. Veitchii. In 
the former there are no traces of 
the adhesive " pads " at the ter- 
minations of the slender hooked 
tips of the branching tendrils, 
T unmria. nntil contact with the surface of 
(nlwtTreub). ' ' Boppon ^ ^^y\. has Occurred. On the 

latter species, however, the pads 
are in course of development before any contact haa taken 
place jnst as the aijrial roots of Ivy begin to appear before 
contact. It is therefore reasonable to conclude that the 
effect of contact has become more or less hereditary in 
the latter Japanese species, though not ia the American. 

These tendrils behave exactly like the clasping roots of 
Orchids, Ivy, etc., as well as the ao-called " roots " of Lami- 
naria, Cutleria, etc. Indeed, the way in which enbterra- 
nean root-hairs fix themselves to particles of the soil is by 
essentially the same method. The imtation caused by con- 
tact aided by moisture excites the cell-wall to grow out into 
protuberant processes, which enables it to adapt itself to the 

• I hare examined a, considerable number of galls, and can qnjte 
corroborate M. PriUiaujt, who has Blown how the normal tisBneB bBOOma 
hypertrophied {ArM. des Sri, ffat., a*r. 6, torn. ii. (1876), p. 113). 

t See CUmbing Plants, flf;;. 1, p. 47, and 6g. 4, p. 
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itregnlarities of the surface of f.lie particles. An excretion 
of miicilago appears to follow, which fixes the organ to the 
foreign support. The irritation not only afEecte the epider- 
mal layer, but tlie enbjacent tiasnea as well, which then assist 
the former in grasping the support." 

Another result of growth due to exteraal ageneiee is seen 
in the hypertrophied stipulea of Acacia sphcerocepkala and 
the sterna of illyrmecod/ium,, etc., in consequence of the irritation 
set up by ants. Dr. Beccari t (and M. Trent J) has examined 
these " Ant-plants," which occur in RubiaceiB, Myrislicaceai, 
Euphorbiacecs, Verbenacem, MelaslomaeeiE, and Pahnw, and 
explains the abnormal stmctarea by variability and heredity, 
A small swelling appears on the tigellnm, of Mijrmecodium 
serving the purpose of a reservoir of water, but which, only 
gi-owB larger through the agency of aota. These creatures 
indnce hypertrophy of the cellular tissue. This, then, be- 
comes hereditary. I would venture to go further, end 
attribnte the large houey-pita at the base of the leaf-stalk on 
Acacia tphmrocephala, as well as the terminal " fruit-bodies " 
occnrriug on the tips of the leaflets, to the same cause, via. 
the mechanical irritation of the ants. 

There is, in fact, an abundance of evidence to prove that 
many organs of a plant, if subjected to irritation, can respond 
to it, and not only increase in size by hypertrophy, but 
materially alter their anatomical structure and develop new 
processes. Secondly, that these altered states, if the irrita- 
tion be persisted in, may become hereditary. 

• Bee Pig. 42, a, (p. 137), which reprpeents the inferior aide of an 
fi^riaJ root of Phalasnopsin amahilis in contact with a. anrface ; t ts that 
of a root which haa peaetnLtad the noil (Organisalion dorsivenfrale dans 
lea Raoines dot OrchiiMes, par U. E. Jauczeweki. Ann. des 8ci. Nat., 
ifir. 7, torn, ii., p. 55. 

t MaleBifl, ii. (1384). Bee Arch. Ital de Biol., vi. (1885), p. 305. 

t Arm. Jard. Bat. ButC, iii., p. 139 (1882). 
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The influence of tlie enviromnent upon the anatomical 
and morphologicftl atmctarea of plants has been lately and 
widely studied from several points of view; and it has heen 
shown conclusively, by Constatin aud others, how a change of 
medium — as, for oiample, from air to a anbtermnean one, or, 
again, to water — profoundly affects every tisane of the plant, 
whether the root, stem, or leaves be submitted to it. So, too, 
leaves of many planta have been proved to be very sensitive 
to changes of position and to different amounts of light — 
which is a most potent and exciting cause in affecting the 
mesophyl, palisade, and other tiasaes, including the epider- 
mis, stomata, and even cuticle. It is foreign to my pnrpoae 
to describe or discuss these details in the vegetative system 
of plants; my sole object being to draw attention to the fact, 
and then to apply it to the structure of flowers. 

Irritability of the Floral Ohuans. — Perhaps no parts of 
plants are more keenly sensitive to stimuli, or show a greater 
number and variety of results to excitoment than flowers. 
A large proportion resemble plants which sleep, i.e. they 
exhibit movements aceording fo the amount of light and heat 
which they receive. So various is this, that LinnisuB was 
able to frame his Horal clock. While many thus open their 
petals at definite periods and subsequently close them and 
die, as Convoh'ulus ; yet a lai^e number reopen them again 
when the due amount of light returns, like Daisies and 
other Compoaites, Anagallis arvensis, Mesembryanthemmn, eto. 
Others, like SHene nutans, nnroU their petals at night, bnt 
roll them np again by day.* Besides these spontaneous 
motions of the perianth, the stamens ofton exhibit move- 
ments, apparently without any estei'nal stimulus. Thus 
I'amasaia and Saiifrages slowly move their stamens in snc- 
• See Dr. Kemer'H dofloription of this flawor. Flowers and Oteir 
Unbidden Guests, p. 133. 




SENSITIVENESS AND IRRITABILITT OF PLANT ORGANS. 159 

OBBBion, either towards the pistil as in the latter, or away 
from it as in the former. Other flowera, like GratiTgits, Ruhtis, 
and Alisma, have them at first spreading away from, but 
afterwards bending over the pistil. These processes faeilitate 
one or other kind of fertilisation, and are very common. 

Slow movements of the filaments after the anthers have 
discharged their pollen, so as to place theni out of the way 
of the pistil, are not at all nncommon in strongly protan- 
drouB flowera, Eekiavi' and Teucrium Scorodonia'Y will illus- 
trate this well-known phenomenon. The "lemon-scented" 
or " oak-leaved " species of Pelargonium has small and very 
iiTCgular flowers, somewhat papilionaceous in appearance, 
with the stamens declinate, lying on the anterior petal ; the 
style lies beneath them, with the five stigmas quite nndeve- 
loped. After the anthers have shod their pollen, they fall 
off, and the filaments bend down outside the flower, while 
the Btigmas now come to maturity and lie in the very place 
whei-e the anthers lay before them. 

Similar slow movements are very common in the styles 
and stigmas of plants. In the Compoaitm and Campanulct, 
Lobelia, Qentiana, etc., the style arms with their stigmatio 
papiliaa curl backwards, and so secure self-fertilisation. 
In sevei'al of the Serophidarineai and Labiata?, tho style 
gradually bends over, so that tho stigma comes in contact 
with the pollen. This, however, may be partly due to pro- 
longed growth. As examples, may bo mentioned EMnanthui, 
Melampymm, Qaleopsis, Stachys si/lvalica, etc. Trevirannfl 
says the same thing occurs with Qladiolus, the style curving 
back towards the anthers. J 



" Cf. FigB. 30, 6 and c. p. S 
efora poUinatian g c, aller it. 
t See Kiiller'a ¥ertili»alim\ 
X Ibid., p. 518. 



b ahuiTS tlie poaitia 
■/:., p. 600, fig. 169. 
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In addition to slow and fseemiuglj Bpontaneous 
menta, to which all organs of a flower are liable, tlicre are 
many rapid actions, bi'ought about by the cUrect meana of 
external Btimali applied to them. Thus Indigqfera and 
Genista are two genera in which the claws of the petals are in 
a great state of tension when the flnwcr is open, and t!ie 
moment they are touched it explodes. Tlie claws, from, 
having been horizontal, cui-l down- 
wards, and the staminal tube with 
tlie included pistil ia jerked up- 
wards. Thus Pig. 47, a, represents 
a flower of G. linctona just expanded. 
On passing a pencil point down the 
front of the standard, the wings and 
keel petals drop vertically, as seen 
in Pig. 47, b, looked at fi-om the 
front. The staminal tube now lies 
against the standard. The keel, 
from its extreme tension, splits 
where it curls at the base, and be- 
comes wiinkled in front, as seen in 
Fig. 47, «. 

There is a plant of the order 
c Coni-olvtilaeew, the corolla of which 

■ o, hf actually closes on receiving a me- 
c, cLins chanical touch. M. H. Dutrochet, 
after observing that the movements 
and Dionma tnuscipula are all in one 
direction only, as also oE the stamens of Cactus apuntia aud 
Berheris, adds ; " Mais il est qnolqnes cas ou cette incurvation 
oscillatoire s'effectue dans plnaienrs sens diSerents, tel est, 
par exemple, le ph6nomene que pi'esente une pSante du genre 
TyomiEO, observSe aux Antilles par M. Turpin, plauto encore 
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in^dite, qu'il dijsigne bous le nom A'Ypomcea setisitiva. Le 
tissn membraneus de la corolle campannliie, de cetto plauta 
est Boutenu par AesjUets ou par des nervures qui, an moindre 
attonchemeat, ee plissent on B'tncunien* sinueusement, do 
maniore £i entrainer Ic tiasu membraneas de la corolle, 
laqnelle, de eette maniere, ee ferme complotement ; clle 
ne tarda point a s'oavrir de noUTeau lorsque la cause qui 
avait determine sa plicature a cese« d'agir." • M. Dntrochet 
then observes that this pbenomenon is in no way easentially 
different from the closing of the corolla of Convolvulus, to 
which YjpovKta is nearly allied, when it passes into the sleep- 
ing state, as does the caJyx or pei'ianth of the Nyctaginew. 
Lopeiia coronaia exhibits a curioas aud rapid movement 




Fig, 4a.— Igpeiia (tllei Blldcbruid). (Fnr dcecrlpUon, we text.) 

in a staminode. Miiller thns describes it : t " In each flower 
there is present one perfect stamen ; a second, standing 
immediately below, is reduced to a apathulate leaf, whose 

I two ialves fold upwards, and, in the first stage, projecting 
horizontally from the fiower, inclose the anther of the perfect 
stamen (Fig. 48, a). The stalk of the spathulate leaf has an 
elastic tension downwards (6) ; the filament of the stamen 
an elastic tension upwards (b), so when an insect alights on 
the projecting spoon-shaped blade, as the only convenient 
* Eerherehes AnatomiqMes et PhyKiolngiques sur la StrKctura IniMne 
dea JnimoiHi at des V^gdtaux et sur ieiir MotilM, 1834, p. 64, 
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spot from wbich to reach two drops of honoy that seem to ' 
rt'st upon a knee-shaped bend in the upper petals (a), the leaf 
springs downwards (6), and the stamBn is set free and flies 
upwards, dusting the lower surface of the insect with pollen. 
When the stamen has thoa served its purpose, it gradually 
curves upwards out of the flower (c), and (he stylo which waB 
hitherto undeveloped grows gradually out of the flower in a 
horizontal direction, so as to form another alighting place (c) ." 
Rapid movements in the etamena are not unknown. 
I described that of Medicago ' many years ago, and now 
supply figures. Fig. 49, a repre- 
sents the front view of a flower on 
expansion ; b, the samo after a bee 
has exploded it — the staminal 
column has now arisen, curled up- 
wards, and abuts against the 
standard ; c shows the curved posi- 
tion of the Btamena, the corolla 
being romoTed, The stamens are 
inelastic, as they will not return to 
Fig.iD.— JfrficnsoMfiM. CForde- a hoi-izoual position withoat break- 

rcrEpLiirQ, B€€ teat ) . ' . * . . . 

ing across, if pressed downwards. 

Many other rapid movements of the filaments are too well 
known to need description, snoh as those of Bsrherig, Selian- 
themum, Sparmannia, Genlaurea, and Urtica; while Oi-chids 
exhibit various movements in the caudicles of their pollinia. 

Besides alow movements, the pistil often exhibits rapid 
ones on being touched, as aj-e known to occur in Stylidiuin, 
Oanna, Maranta and allied plants; while the flap-like stigmas 
of MiinuluSf'f and of Bevera! genera of orders allied to the 
Serophularinece, close together on bdng iiTitated mechanically. 

• Jrrarn. Lin, 8oc., vol. ix. p. 327. 

t Mr. F. W. Oliver has lotely investigntBd the mode of conduoBa 
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There ia no need to riosci-ibo a long Bcries of movementa, 
my object being simply to enjphftsize the fact that eensitive- 
nesfl and irritability are pronounced plienomena in flowora, 
wiich point to a highly in-itable condition of the protoplasm 
contained in the cells of all the floral members.* And, althougli 
we cannot now trace the progress of change in the floral 
organs under the mechanical and physiological impulses dne 
to insect agency, the probability that these have been the 
actual influences to which the tisanes have responded, and 
thence evolved the eicisting floral atrnctnroB, will now, I ti'UBt, 
appear to the reader to be of a very high order, 

of tbe irritation in the Bti'gmaa oi Jfarfynia lufea and M, prcboscidea, and 
ot Mimulva liitevA aod M. cardinalia. Eu belleveB it to be doQ to tha 
oaatinuit; of the protoplasDt from cell to cell. The tiesne of the Btigtna 
Cnnaiata of two Inmells. The irritability ja coaSned to eereral layers 
of priamatiQ cella on the inoer aide of tbe lamella, where the oontiniiitf 
of protoplasm waa determined. (Quoted from Joum. Roy, liicr. Soc, 
1887, p. 781. Eer. Deotsch. Bot. Gesel!., v. (1887), p. 1G2.) 

Mr. Otiver bos also lately contributed a valuable paper to tbe Annala 
of Botany (voL i., p. 237, pi. lii., 1888), on " The SenBitire Labellnm of 
Ma^evaltiainiiMOaa." Continnitjof tbe protoplasm occui-a in lh» irritable 
"crest" on the labellnm, which rapidly rises on being touched; the 
mechaoiam being closely comparablo with that of tho pnlvions of Mimosa. 
The author corroborates Mr. Gai'diner'a obseiration that a large amouufc 
of tannin occui-s in the cells with which snob irritability ia concnmed. 
Beferencea are also given to deacriptioos of Other Orchids roniarkable 
for having irritable perianths. 

• For farther information on the effects of Hpht and heat npon tbe 
opening and closing of fiuncra, the reader ia referred to Sacha' 
Physiology of PtanU, chap, xxivi., p. 641, where the author gives an 
account of Ffeifer'a ioreati gat ions. It ia not clear, bonever, how 
temperature acta. A casual discovery may perhapa snpply a hint. On 
forcing nir into the Sower-stallc of tbo white Water-lily, I found that the 
petala instantly spread open. Hay not, therefore, a rise of temperature 
caoae the air within the tissues to expand, and so at least help to produce 
the aame eSect 7 
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CHAPTER XVin. 

B&ITATIOM OP THE POLLEN-TTJBE — THE ORIGIN C 



Thb first effect produced by the action of the germination 
of the poUen-tnbe is the formation of the so-called conducting 
tissue or layers of specialized cells which nourish the tube 
in its downward growth. Like glandular nectaries, this 
tiasuc consists of small merismatic-likc cells, highly charged 
with nutritive and eaccharine substances. In some cases it 
is a metamorphosed condition of the epidermis alone, oa 




M. Capes has shown in his researches,* as in Fumaria. Fig. 
50, a, represents a section of the stylar canal, the lining 
epidermis haying ita cells charged with such matters, while 

• Ann. des Sci. Nat., vii., 1878, p. 209. 
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three polien-tnbes are seen in section. Fig. 50, b, allows the 
formation of conducting tiasne at tho ang'le of the inflected 
crarpellary edges of Rubws. Tho epidermal and snbjacent 
cells form the conducting tissue in this obho. The cells on 
the ootskirts "are charged with sphseraphidB. Fig. 50, c, is a 
FBction of the ovRry of a Cruoifer. Tho replnm or false dissipi- 
ment, as in the Fapat!erace(e, forma tho machinciy for conduct- 
ing the tubes. The dotted lines show the original lines of 
insion. Now, iC my theory be true, that no structure exists 
which has not been brouglit into existence through some 
foreign action having been brought to bear upon it — either 
directly from without, as insect agency, light, etc., or 
indirectly through nutrition within the plant, — then, the 
existence of thia specialized tissue would never have arisen 
tad it not beea for the irritating action of the pollen-tnbes. 
The analogous influonee of the mycelium of a parasitic 
fungus here gives us the clue. As such caases hypertrophy 
to set in, and induces nutritive matters to accumulate upon 
which the fungus lives, — just as the irritation of the egg or 
pupa of a cynips or other insect causes a similar accnmnla- 
tion of richly nutritive substances to bo made within the 
tissues of tho gall upon which it feeds, — so the germinating 
power of the pollen-grain and the growth of the pollen- 
tube have actually brought about the formation of these 
highly nutritive conducting tissues of the style. The effect 
has then become hereditary, so that they are now in course 
of formation, at least, during the development of the flower 
in preparation for tho ingress of the pollen-tubea. 

The remarkably stimulating action of the pollen-tube had 
been observed more especially in Orchids, Hildebrand 
noticed that the influence of the pollen was twofold, in that 
it determined the growth of the ovary and the complete 
formation of the ovules before the process of fecundation had 
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iaken place.' M. Goiguard has described the effects resnlt- 
ing from his esperimenta.t Thus, in the case of VaniUa 
aromatica, he found the development of the ovary was very- 
rapid after poUinisation. At the time of flowering, the 
placentas have only the rudiments of the papillte which 
will develop into ovules, and the conducting tiesae formed 
by the epidermis and subjacent layers on either side of 
the placentary projections is etJU undifferentiated. In 
the intervals which separate the bands of conducting tissue, 
corresponding to the midribs of the carpels, there is no 
appreciable modifications before fecundation ; but as soon 
aB that has taken place, a layer of elongated papillte, filled 
with a granular snbatance, aiTses. With regard to the 
development of ovuleB, M. Gaignard remarks : " La pollinisa- 
tiou et la germination du pollen sent indispensahles a lear 
formation. L'ovaire d'uno fiear non pollinisoe ne a'aocroit 
pas et tombe quelques joura apves rcpanouissement." 

Aa soon, however, as the pollen-tubes are formed, the 
ovules begin to grow, until the twentieth day, when the pri- 
loiae thickens (much more than in other orchids) and finally 
gives to the matured ovule a globular form. 

In the mean time the embryo-sac and sexual apparatus 
have been forming, and are completed (excepting the fusion 
of the two members of each tetrad, which does not take place 
f« form the secondary embryo-sac nucleus) in little more 
than a month after pollinisation. Five weeks after that 
period, fecundation commences. 

lo following the progresa of the pollen-tnbea, it is not 

• Die Frujiktbildung der Orchideen, ein Bewein jjtr dnppelte Yirktrng 
del Pollen, Bot. Zeit., 1863. Bastardirii»giveraTU:he ait Orchidaen, Bot. 
Zeit., 1865. 

t Ann. d^a 8n. Sat, 188G, torn, iv., p. 202; tee also Haniy, 
Obtemationa sur la PoUijiisalione dea Orckid^ei, oomp. rend, de VAoad. 
den BcL, 2 AoAt, 1S86 ; and also Gtugnard, do., 19 Juillet, 1S8G. 
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till from the twelfth to the fifteenth dnj that some of them 
arrive at the hase of the ovary. Before the sexual apparatiia 
is complete, the extremities of the pollen-tubes spparato from 
the mass of tabes overlying the conducting tissue, twist in 
variona directions, scrambling' over the placentary lobes and 
their ramifications, and so approach nearer and nearer to the 
ovular fnciclea ; but they only peneti-ate the niicropyles, 
after the formation of the sexnal apparatus. It is supposed 
by Sti-aahurger that the synergidjo eipel a liquid destined 
to guide the poUen-tubo to the embryo-sac ; others think their 
function is to aid in the solution of tissues for nonriBhment, 
In Vanilla, for example, the upper part of the emtryo-sac 
ia absorbed where occupied by the syncrgidss, and is then 
covered by the elongated borderof theprimine. M. Gnignard, 
however, adds: — "II eat possible qu'il soit attire par un 
liqnide expulse par lea synergides,' comme le pense M. Stras- 
burger, on bien auasi, comme je crois I'avoir constate, par 
r^tat special de la couche Buperficielle des membranes cellu- 
lairea du bord interne du tegument." f 

On the action of the pollen-tubes M. Gnignard writes as 
follows: — "An contact des faisceaux polliniqoes, le tisan 
conductear offre un contena richo en aucre roductcur ; I'ami- 
don, dana le cas actnel, ne so trouve qn'au voisinage et du 
c6t4 exteme des faisceaux libero-lignenx des parois oTari- 
ennes. Outre le pouvoir d'attaquer la substance amylac^e et 
d'intervertir la saccharose, comme Tout montre tout recent- 
mentM.Van Tieghem.J et M. Strasburger,§ lea tubes polli- 
niqnes penvent anasi, a I'aide des ferments qn'ils contiennent, 



• 8i/nergida! is batter, bi 



IT Sunergatai. 



t Bur PTjiversion du Sucre de Caime par le Pollen, Bull. Goo. Bot. de 
Itenoe, 1BS6. 

% TJeber FremdaTtige Beetavhung, Pringeh. Jahrb., vol. xvii. 
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diaaoudre la cellnloae, aiiiai que le proa vent lea Boadnrea areo 
fusion que j'ai obaervees plusieui-s foia entre ens dans Ics 
cnlturea, ou le phenoiuone est plus facile a voir. D'ailleurs, 
la penetration directs des tubes polliniques dana lea papilles 
du stigmate de plusieurs fleura, apres diBBoliition de la 
jnembraue cellulaire, est un fait dn mflme ordre." 

I quote this passage iu full, that the reader may see how 
it completely corrohoratea my belief that the metamorphoaia 
of the epidermia and subjacent layera to form tlie condnctiug 
tissue ia entirely owing to the action of the tubes themselveB, 
as well aa the conreraion of starch into saccharine, and there- 
fore easily abaorbable mattera. 

M. P. Maury has noticed very analogous facta in Verbas- 
cum, in that " at the period of pollination the ovules are still 
in a rudimentary condition, and altogether unfit for fertilisa- 
tion. The niicellua ia entirely occnpied by the embryo-aac, 
in the protoplasmic contents of which there is as yet no 
differentiation of oosphere, aynergide, or antipodala. It is 
only after the pollen-tube roaches the micropylar canal that 
these begin to be formed." * 

This obaervation oovroboratea what I have said above, 
that not only is the pistil delayed in development in insect- 
crossing flowers, but that arrest of growth may affect all 
parts, and particularly the ovules ; and I strongly suspect if 
more instances, of the Gaino'petalm especially, were examined 
it would be found to be the rale and not an exception. M. 
Maury's investigations also agree with M. G-uignard's, in 
that the action of the pollen-tube is a stimulating one, ajid 
brings about developments which would not, and, indeed, 
cannot, otherwise take place. 

In Vanda tricolor pallejis, experimented upon by M. 
• Bull. Boc. Bot. Ft., viii. (1886), p. SS9. qnoteil from notice in 
Joum. Boy. Micr. Soc, 1887, p. 433. 
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Guignard, he noticed the not infrequent effect of a rapid 
chftii^e of colour in the perianth after pollination, although 
it did not fade for a week. The Bwclling began on the 
second day in the " gynosteme," and progressed towards the 
ovary. From having been four centimetres long on the day 
of pollination, December 4th, 1885, by the 15th of April, 
1886, it bad grown to seven centimetres. The ovules, how- 
ever, were not lull grown, the embryo-sac having still its 
primitive nucleus ; by the 15tb of May, the ovules bad 
attained their complete developm.ent. By the 1st of June, 
fecundation had taken place in nearly alt the ovules. Hence 
about six months were required for the process. 

In this species the spaces OTcr the mid-ribs were covered 
with long hairs, corresponding' to the papilla) in Vanilla. In 
both they appear to have grown after, and as a result of, 
pollination.* 

In a flower o( Angrmcum guperhum which became arrested 
the influence of the pollen-tube was remarkably illustrated. 
Three weeks after pollination an airest of development 
followed in the ovary ; it had sensibly increased in diameter 
in the upper part. On examining the ovarian cavity at the 
top, M. Guignard found only a small number of pollen tubes, 
relatively short in length. f 

Another abnormal case was a Vanilla, in which, from 
some unknown cause, only two bundles of polien-tabes were 
formed on either side of a placenta. Here the ovaiy grew 
on that side, causing a strong curvature. On the opposite side, 
the wall and the placentas with their ovules were atrophied. 

• Mai Wiohnra fonnd that ailfcy haira were Bometimes tha solo 
reBult of bis attempts to hjbtidize willowa ; aail as unaloj^aB iuetanceH 
are the clothing the interior and aiterior snrfaces of ^bIIs with papilla) 
or hairs, an indirect reaalt of Che irritation eet np by the pnpEO (p. I3S). 

t A lika interpretation may be (jiven to Vegetable Marrowa when 
they a well only at their distal end. 
IT 
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The exciting effect of the tubes is seen wbeti Orchids are 
ctoaaed which have no affinity, and are therefore incapable 
of fertilisation. Thus, the pollination of Orchis mascula by 



Oypripedium pavifli 
the sexual apparata 
and lAstera, as well 
OTulea reaching 
dnced, but none 



Analogous i-eaulta have 
experiments t in hybpidi 
following degrees of failur 
of influence that the polli 
paratua of the pla 
ripen, but contain no seed 



I determined the formation of 

n the former. Similarly, when Orchis 

I Oj>kri/s and Limodorain were crossed, 

s degrees of developnient wei* pro- 

mpregnated. 

Everything indicates (writes M. Gnignard) that the 
development of the ovulea is subordinated to that of the 
ovary. In exotic Orchids the thickness of this organ and its 
elongation are often very pronounced before the appearance 
of the ovules.* 

been obtained by Mas Wichui'a'a 
ing Willows, who noticed the 
indicating the various amounts 
:i-tube had over the sexual ap- 
; (1) the ovaries swell and 
; (2) the ovaries are quite filled 
with silky hairs which clothe the umbilical cord end of tlie 
seed, but contain no embryo ; (3) seeds are present, but 
small and incapable of germination ; (4) seeds apparently 
perfect, but do not germiuate ; (5) seeds germinate, but the 
seediinga are weak, and soon wither ; (6) seeds few but fertile 
and active ; (7) seeds numerous with only a few fertile ; (8) 
Lud fertile. 



• GiOrtner, in hiB iUmoire ffur lee Organea Reprodurieurs dm Phaniro. 
games, demotes a special chapter to the enlai^emeiit of the ovary without 
[jrBTioua pollinatioo, with the result of a paeudo-froit {Fersuche u. 
Beab. uber die Befmcht. Organs der FoUk. Oea&chee, 1844), 

t Die Ba^tardbefruehtung in Ffiamenreich, ertautert an den Basfarden 
der Seiden, Von Mai Wichnra, Mit zwsi Tufeln. 4to., Brealan, 1865. 
Abstract by Rev. M. J. Berkeley, Jonrn. Roy. Hort. Soc, New Seriea, 
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Similar reaulta occur in maay cultivated plants without 
bybndiziiig ; as appear io seedleas Oranges ; Grapes, each ae 
" Sultanas ; " Bananas, Cucumbers, etc. 

Every other canse capable of acting in the same way will 
produce a like result, as in various instances of parasitism, 
when the cells become hypertrophied, as do those occupied 
by Synchytriuvi, or as in the roots invaded by Flasmodiophora. 
M. Gruignatd quotes an interesting case, which fully bears 
out the theory advanced in this book, of the results of the 
irritation of insects. He saya, " A I'appui de cette maniere 
du Toir je citerai nne observation interessante quo le hasard 
a foumie h M. Trenb,* et dont ce savant a bien compris la 
signification reelle." 

" Ayant rencontre des ovaires de Liparis lalifoUa qui 
presentaient un epaississement plus ou moins considerable, 
meme dana les fienre non epanouies, et oil la pollinisation 
directe ou indirecte n'avait pn se faire, il tronva a I'interienr 
des petites larvea qui j avaient penetre de trea bonne heure. 
Ces larves no pamssaient esercer aucune influence nnisible 
6Ur les cellules, et serablaient avoir la facnlte do so mouvoir 
librement dans la cavite ovarienne, bien qu'on lea trouvit an 
contact de la paroi ou des placentas. Elles se nourrissaient 
evidemment des sues de I'organe envabi ; k peine voyiiit-on 
nne legero alteration de quelques cellules avec leaquelles ellcs 
etaieot en contact. Compares h cens des fleurs normalcs 
avant la pollinisation, cea ovaires habites par les lai-ves 
offraient des placentas plus grands et plus digitus, Bur leaqnels 
fi'etaient dcveloppos finalement des ovules revetus de leurs 
dem tegumenta formes comme sous I'influeuce de la polli- 
nisation. Les dimensions des ovules ne differaient pas do 
ceus dea graiiies mflres provenant d'ovaires poHinees, et non 
envahis par des larves. 
* Notes lur I' Embryon, etc., Aun. du Jard. Bot.de Buit., iii., p. ISl.pl.sii. 
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" II etait done evident que les parasites avaient determine 
lea memes effcts que les tnbes poUmnjueB: raccroiaernent des 
ovairea et dos placentas et le developpement des ovulea." 

The reader will here ace the importance of this cuvioua 
inatanee as bearing npon my genei-al theory of growth la 
response to irritation ; so that if ovaries, placentas, and ovules 
can be stimulated into growth and development, there is 
no A priori i-eason why other parts of flowers may not equally 
well grow in response to irritafiona aet np by the insect 
visitors; as I have alreadyshowntobe thecaaein Clerodendron* 
and in Mr. O'Brien's ejtperiments.f 

Perhaps it will not bo amiss to notice here a Tery similar 
action of the suspensor in Orchids, described by M. Treub, 
which grows " baekwai'ds," escapes from the micropyle, and 
then ramifies in various ways, clasping and burrowing into 
the ovarian walla like a parasite in order to convey nutritive 
matters to the rudimentary pro-embryo. J 

Finally, M. Guignard remarks upon the degradations in 
the essentia] organs of Orchids as accounting for the well- 
known difficulty in raising seed from them ; " Malgre le 
nombre immense des grains formees dans les conditions 
naturelles comnie dans lea serres, nombre qui parait etre 
d'aillenrs nne eigne de degradation physiologique dans une 
famille ou la diSerenciation morpbologique des organes floranK 
est cependant si elevee, I'inBuffisance de reserve alimenfaire 
oontenue daua leur embryon microsco pique, en necessitant des 
conditiona specialea pour le diSveloppement, snffit peut-6tre & 
eipliqner les diffioultes et lea insucces de la reproduction dea 
orcbidees par graines, et la parcimonie relative avec laqnello 
elles sout distribu^ea dans la nature." 

• See p. 130. + See p. 114. 

X Soles luT VEmhryogiitie de qtielqnee Orchidlen, Verhandelingea der 
KoDiaklijke Akadamie van WeteDscIwppeD, ISTD. 
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With regard to tlio difficulty of rearing Orchids, the 
reader may be referred to the Report on. the Orchids Confer- 
once," in whicji Mr. B. T. Lowne observes: " One of tho 
difficaltiea in rearing seedling Oi-chida arises, I believe, from 
the fact that the pollen is only developed from the prolifica- 
tion of the mother cells, after the polliiiia are placed on the 
stigma." He also found that, besides the pistil thaa atimu- 
lating the pollen, "the stimulation duo to tho presence of 
the pollinia gives rise to the development of the capsule, 
even whilst the ovules remain unimpregnated." f 

The significance of the above details lies in the fact that 
external inflnences, both mechanical and physiological, can 
bring about changes in the epidermal X "■^'^ sab-epidermal 
layers, with a determination of a flow of fluids of a specific 
character to those specialized tissues. As this ia proved to 
be tme for the conducting tissues, so do I infer it to he 
equally so for glands of various kinds. 

* Jounu qf Roy. Hort. Soc-, vol. vii. ; aee paper by Mr. H. J. Voitch, 
p. 22. 

t L.C, p. 48. " Degeneracy " will be disouHsed in Chaps. XXVI. and 

xsni. 

'I M. Mer found tbat Btomata were developed in the epidermis of 
galls on vine-leaves which normally had nane- "InBolatioo" or 
eipoBore to light has a marked influence on tho orm of the opidannal 
cells, and in increaaiug the number of stomata. The walls become 
Btraighter and thicker, and eapocially tha cnticle. M. Mer beiieves the 
prodnotion of atomata to be the direct result of the Bccumulation of 
nutrient anbstanoBB. Comp. Bend, xav., I88S, p. 395. Seo also Joum. 
Boy. STior. Soc, 1882, p. 530, and 1883, p. Gl. See above, p. 151. 
Another important papor on the same snb]ert, fully corroborating 
these observationa. has lately appeared, by M. Ii. Dntonr, entitled, 
Iiifiuence de la L-amiire aar ta Forme et la SlTUctvre dea FeuiUee,. 
Ann. dea Soi. Kat., 7 b&., tom. 5 (1887), p. 311. 
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The Laws of Colour. — M. de Candolle proposed to divide 
the coloars of flowera into two aeries, the Xanthic and Cyanic, 
the former containing yellow-green, yellow, yellow-ora.nge, 
orange and orange-red ; the latter, blae-green, bine, blae- 
TJolet, violet, and violet-red ; red being intermediate between 
the two seriea. It was thoagbt tbit flowers were rigidly 
bonnd by these aeries, and never transgressed them, but that 
the tints of a speciea might vary through each. Thus the 
editor of the Gardener's Chronicle, replying to a, correapoodent 
on Feb. 2, 1842 (p, 97), remarks that "a bine Dahlia waa 
not to be espected. On the other hand, the Hyacinth, being 
of the cyanic aeries, a yellow Hyacinth will not occnr." 

Yellow Hyacinths are, however, common enough now. 
Even in 1856, Di'. Lindiey found it necessary to conclude a 
leading article on the subject with the words ; "At all events 
the cyanic and xanthic speculations of philosophers mnat now 
be laid up in the limbo of pleasant dreams." 

The many exceptions to this snpposed rule met with 
between 1845 and ISIfi ehcited the above remark, and 
notably a species of Delphinium, viz D. Gardinale, containing 
" golden yellow in the petals, which are as scarlet as a 
soldier's jacket everywhere else, one of the last of Messrs. 
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Veitch's fine Californian iDtrodactions. In this flower the ro 
ia no sign of blue. Yet, if tbere is a genns more pi-e- 
eminently blue tban any other cyanic race, it is surely 
Seiplnnium:' 

It is trno that some species have never yet trans^eseed 
tbeir bounds, so that Uablias still refuse to be blue Qovr as in 
1845 ; and we are still ignorant of the reason. 

The efiect of nutrition upon the colours of plants is well 
known, in that they vary much more in a garden soil than 
in the wild state ; and differ in colonring according to the 
character and ingi'edients of the soii. Thus, as desci-ibed by 
a writer in Hovey's Magazine of Borlicultiire,' striped Dahlias 
will be best kept clean by planting them in a poor soil, while 
rich, soil invariably runs them. E.g. D. var. striata f&rmosU- 
tima : No. 1 was planted in a poor gravelly soil, in an open 
situation ; all the flowers but two were beautifully mottled. 
No. 2 was planted apon a rich, cool, eandy loam; not one- 
half of the flowers were mottled. No. 3 consisted of three 
plants, very highly enriched ; every bloom but one was self- 
colonred. Similar effects follow on the variegated foliage of 
Pelargoniums, according as they are grown in a too rich aoil 
or light one.t 

" Alum is said to render the Hydrangea blue ; and some 
salino substances, such as phosphate of iron and muriate of 
ammonia, appear to brighten the tint of red."f It often 
happens, however, that blue and pink corymbs occur on the 
same plant of Hydrangea. A cutting taken from a blue 
Hydrangea growing at Southampton, and transferred to 
Bedfont, changed to the usual colour on blooming there. 5 

Chloride of lime has been known to mate a whole-coloured 

• Quoted in tbe Gard. Chi-on., 1843, p. 8. 

t Oard. Chron., 1876, p. 567. t Bid., 1843, p. 577. 

£ Ibid., 1886, vol. izri., p. 118. 
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Cnmellia become striped; wliile ammonia enhances tbe'l 
colonrs of Balsams. I 

Oxidization is believed to have great inflnence in change -9 
iog the colours of plants, jast as it affects certain jaices wbea I 
exposed to the air. Thus, if a leaf of the Socotrine Aloe bo M 
injured, the jnice ia at first violet ia tint, but it soon tuma 1 
tobi-own. If a potato be grated, the pulp rapidly browns inft J 
similar way. Many fungi, especially noted for their poison* 9 
ous properties, turn blue on injary, as species of Bolettu, I 
Moreover, they do not do so if exposed to nitrogen, hydrogen, I 
or carbonic acid; hence it is presumably the osygen which I 
effects the change. I 

Some flowers change their colours from their first open- 
ing to a Enll expansion; such as Cohcsa, from green to violet; 
several Boraginaceous plants, from red or even yellow to blne- 
pnrple. Lycium barlarum, the popularly called " Tea-plant," 
is a well-known instance. Others change during the day, as 
the " Changeable Hibiscus." This plant has flowers white 
in the morning, pink at noon, and bright red by Bundowr.* 
Similarly, a Phlox of a bright pink colour, " in the early morn- 
ing, by five o'clock, has its colour of a lightish blue, which 
coutinucs lo alter as the sun advances, and by nine or ten 
o'clock becomes its proper colour; the clump which catches 
the sun's rajs first changes firat, while the other is still blue." 

Though referring these and other well-known instances to 
osidization, Dr. Lindley, from whose leading article the above 
remarks are partly taken, concludes with the observatioii, 
" In fact, we know very little about the cause of changes in 
colour, either in plants or animals." Perhaps it remains so 
Btill. 

The intensity of the coloura of many high Alpine flowers 

• According to M. Ramon de la Sagraj quoted in Gard. Chron., 1S42, 
p. 555. 
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bas often been noticed ; and wlien plants growing near Paris 
were transferred to a mnch higher latitude, the flowers 
deepened in colonr. This, however, is thought not to be dne 
to a clearer atmosphere, bat to the enhancement of the foliage, 
as M. Ch. Flahault showed that the leaves of plants of the 
same species are larger in proportion as the latitude is 
higher, the comparativelj large dimcnsioTiB being due to the 
daration of light of a relatively feeble intensity. Flowera 
being dependent upon leaves, great impoi-tance mngt bo 
attached to the power of the latter to store np nutriment for 
them. ThoB, in the case of Hyacinths both blue and red, 
M. Flahanlt found no difference in the colonr of the flowera 
when grown in the light or in the dark, the colonr being at 
the expense of the material stored np in the bulbs. Other 
experimenters have found that, while some flowers show no 
difference, others do; thus Askenazy found no difference in 
TnlipB and Crocuses, though the leaves were etiolated in the 
dark. With Hyacinths, however, contrary to Flahault, he 
fonnd that light exerted a two-fold infloenoe, an acceleration 
of at least a fortnight in flowering and a mnch more intense 
and more diffused colonr ; those in darkness being only 
tinged where the uncoloured ones where dai-kest. Palmonaria 
ogicinalis in darkness changed from red to bine, as usual ; 
but in proportion as the buds were in a less advanced stage 
when placed in darkness, so were the colours fainter. His 
conclusion is that some flowers require light to develop their 
normal -colours, while others are independent of it" Mr. 
Sorby t Bgreea with Askenazy ; end concludes that the arrest 
of normal development in darkness varies with the natnre 
of the coloaring matters, the effect being greater with the 
more easily decomposable sabstances. " Those snbstancea 
which when dissolved out from the petals are tbe most easily 
• Bat. Zeit, Jan., Apr[l, 1876. t A'alwrc, April 13, 1876. 
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ire to liglit, are formed in relatively 
L the flowera are grown in the dark, 
led if we aesame that a higher vital 
the presence of light, is necessary to 
ovepcome the more powerful chemical aEBnitiea o£ the less 
stable compounds," 

The crossing of flowera ia well known, and much practised 
by florists, to enhance the variety of tints. The interpreta- 
tion ia that croaaing ia a atimalating process, and provokes 
the petaline energy to a high degree. 

From the preceding remarks it will be now gathered 
that colours, per ee, are a result of nutrition; and that the 
prevalence of brighter colours in conspieuons flowera which 
are regularly visited by insects is due to the atimnlating 
effeota which they have produced, thereby causing more 
nutritive fluida to pour into the attractive organs. 

Besides, however, thia general result of brilliant colouring 
tliere are those peculiar and special displays of bright tints 
diatributed in spots and streaks in certain and definite places 
only. These have been called " guides " and " path-finders," 
aa they invariably lead to the nectaries. If the theory be 
true which I am endeavouring to maintain throughout thia 
book, all these effects are simply the direct results of the 
insects themselves. The guides, like obstructing tangles ot 
hair and nectaries, are alwaya exactly where the irritation 
would bo set up ; and I take them to be one result of a more 
localized flow of nutriment to the positions in question. 

Instead, therefore, of a Sower having first painted a petal 
with a golden streak to invite the insect, and to show it the 
right way of entering, the first insect visitors themselves 
flower to do it, and so benefited all future 



—Mr, Grant Allen has written 
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an interesting little book on The Colours of Flou-ers' in 
which he espresses hia belief that the first colour on depart- 
ing from the primitive green was yellow. When we I'emem- 
ber that the spore-cases and spores of Lycopodium^ the 
anther-cella of Ciipressus, and the whole anthcr-scale of 
Pioiis anil all the pollens of Gyrnnosperms are yellow, — again, 
when we come to Dicotyledons and find the prevailing tint 
of stamena is the same, — we gather probabilities in snpport 
of that view. That Nature next inti-odnued reds, and only 
lately, so fo say, succeeded in manufacturing blues, seems 
probable from the comparative rarity of the last colour. 
Moreover, when flowers individually change from one colour 
to another as they develop from the bnd to maturity, it ia 
always in that order — i.e. from reds to mauves or purples, as 
in Echium, Pulmonaria, etc., or even from yellows throngh 
reds to purples, as in Myosolis versicolor, so that we still seem 
to gather additional support to the theory. 

If, however, we ask what has caused these changes, we 
are as yet in the dark. A few hints are attainable, and that 
is all. Yellows atid reds seem to be due to substances allied 
to the oxidized products of chlorophyll in autumn leaves. 
Again, chlorophyll grains on turning yellow in fruits {Lydum) 
become angular, two or three pointed, and finally granular. 
Tn the same wny the yellow granules of petals {Cucurbita) 
resemble " a my lop lasts," or starch- forming corposcles.'l' 

The general conclusion one arrives at from varions 
observations is that the original change from the ancestral 
green to, probably, yellow ia correlated to the change of 
function; but why tho first colour was yellow, and why it 
ever gave place to red or blue, is unknown. 

Supposing the yellow-green colour to have spread to the 
adjacent parts which then attracted insects, as it does in 
• Id Hat-are secies. + Sachs' 7tg, Phyi., p. 330. 
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some Enphorhias and Ohryaosplenium, for instance, then the 
visits of insects ivotild bring the required stimulus to advance 
tile colour to a pronounced yellow ; and so petals, it may be 
conceived, came into existence. 

Pale and Whltb Varieties. — The paler tiats or even a 
total absence of colour may seemingly occur as a variety of 
any plant. It is often a concomitant of habitual self- 
fertilisation in cases where the yai'iety or species is a 
degradation from some conspicnons and biightly coloured 
inaect-risited form. White-flowered individuals often appear 
a.s "eporta" amongst seedlings; the immediate cause of 
which it would be difficult to assign, beyond the general 
one of the absence of those nutritive conditions wbich are 
requisite for cjlours, as occurs in Gladioli* 

White, however, ia useful as a starting-point for florists' 
flowers where great variegation ia required. Thus M. 
Vilmorin "f says that " in ten examples of Tariegation 
which were produced under my own observation, the course 
was always the same. The original plant, with flowers whole- 
coloured, gave in the first instance a variety of flowora 
entirely white ; afterwards, vai-iegationa were produced from 
this white variety on its returning towards the coloured type. 
. . . This pure white variety usually gives in the first sowing 
a greater or less proportion of plants with flowers like those 
of the coloured type ; but by careful selection through 
several generations the pure white type is in most cases 
completely flxed. ... It is only among the whito varieties not 
eooQpletfly fixed that the variegations make their appear- 
ance ; at first they eshibit narrow peneillinga, the coloured 
portion being only one-tenth, and sometimes only one- 
twentieth of the whole surftice ; but then in the following 

" GardBii, 1880, p. 327. 

t Flora ie» Ser. et dei Jard. de VEur., (Gard. Chnn., 1853, p. 500). 
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generation . . . the colonred portions begin to predominate, 
... I have never been able to observe a single inBtance of 
variegation comiug direetly from the coloured original. The 
contraiy, however, takes place with regard to the dottinga; 
these come directly from the coloured tTpo." The variegated 
varieties the author had succeeded in fixing were Gomphre^ia 
globosa ; AiiHrrhinan majus, Cmiroloulus tricolor, NsTnojihila 
insignis, Forlalaca grandiflora and Belphimtiiit Ajacis. 

Other Sorists have found that bj crossing whole-coloured 
flowers pure white seedlings may result. 

Abulilona have an instructive and, in part, a somewhat 
eimilar histoiy. No hybrids were raised fi-om the old bronze- 
red and striped form, which was usually bari'en, until the 
white " Boule de Neige " was inti-od«ced. Mr. George 
CTOBsed this with " Duke of Malakoff." The white one had 
itself previonaly thrown np every shade of dingy white ; bnt 
whether by being spontaneously ciBsscd or not, does not 
appear to be known. Some of the colours of the seedlings 
of this cross were pale and dark pink, pale orange, bright 
carmine, salmon, orange-red, etc.* 

Somewhat analogous reenlts were obtained by Mr. Veitoh 
wit^ Rhododendrons imported from Borneo. Thus a cross 
between the lai'ger- flowered R. Javanicum, which is orange- 
colonred, with the smaller white narrow-lobed B. Jasm/ini- 
floTttm, gave rise to the rose-coloured " Princess Royal." A 
further cross of the last with the parent R. JasmimJ}oyunt 
eliminated the red colour; the oilspi-ing, however, retained 
the form and size of the corolla of the " Priucess Royal." 
It is called " Princess Alexandra." 

In the above-mentioned the effect of the white has been 
to separate the tints ; so that from the old Bronae-red 
Abutilon Darwinii we get yellows and reds of diifercnt 
• Gnrd. CAcon., 1878, p. 702. 



THE STRUCTURE OF FLOWERS. 



low RhododendrotiM 
i reds ; the white I 



ehadee. Similarly the orange or bi 
Javanicum has been split np into \ 



The snbaeqaent effect of croasing with regard to flowers 
is variety. With this fact floriata and horticultuiiafca are 
familiar : for as sooa ae croBscd or hybrid Beedliogs are 
raised the varietioa of coloni-ing become infinite. It has 
been observed that the "spots" are more persistent than 
the base-colour of the flower. This fact agrees with the 
theory advanced that they have, whenever they occur as 
guides or path-finders, been determined by the insects and 
then become hereditary as mach as the shape of the flower 
itself; and as that ia maintained much more persisteiitiy 
than general coloaring, so is that specialized colouring which 
has been equally due to insect agency. 

With regard to the correlations which exist between 
colours and insect visitors, Miiller especially has obnerved 
several. Thns beetles seem to afffct yellows, e.g. Tkalictriim 
and OaUum verum ; wasps and carrion insects, reddish- 
browns, Bueh as of Comaruin, Epipactis, etc., while the more 
intelligent bees, etc., delight in purples and blues ; and it ia 
thought that their selective agency has determined the sur- 
vival of such special colours as they prefer. This bas been 
probably the case, but we still want to know what is the 
immediate cause which induces one colour to change to 
another. 

As high colouring or conspicuouaness if the flower be 
white is due to insecta, so pale colouring and inconspicuous- 
uesa ia due to their absence ; but what the nature of the 
stimulus is we cimnot tell. It enhances the assimilative 
powers ; for the crossed plants, as Mr. Darwin abundantly 
proved, are nsnally larger plants. It usually infuses some 
of the characters, floral or foliar, of the male parent — but 
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not always : several experimenters assert that, after every 
precaution, the offapring exactly resemlile the maternal 
parent. But one rule florists always adopt in order to 
enhance the coloni'ing is to nse the pollen of the better- 
coloured plant, the maternal parent being nsnally the in- 

Ah an illustration of the relative effect, of crossing and 
self-fertilisation respectively on the production of colonrs, 
I quote the following passage from Mr. Darwin's work : * 
" The flowers produced by self -fertilised plants of the fourth 
generation [of Dianthtis caryophyltus or Carnation] were as 
uniform in tint as those of a wild species, being of a pale 
pink or i-ose-colour. Analogous cases [occurred] with 
Mimuhis and Ipomcea. , . . On the other hand, the flowers 
of plants raised from a cross with the fresh stock which bore 
dark crimson flowers, varied extremely in colour. . . . The 
great majority had their petals longitudinally and variously 
striped with two colours." 

Uniformity and paleness of tint are thus correlated with 
self -fertilisation ; and since, whenever the latter process ia 
I)ereevered with, an increase of fertility follows, it is not 
surprising to 6nd that such tints are usually accompanied 
by an increased power of seed-bearing. Thus, Mr. Darwin 
found that, " the proportional number of seeds per capsule 
produced by the plants [of DtanlhusJ of crossed origin, to 
those by the plants of self-fertilised origin, was as 100 ; 125." 
Again, of AnliTThinujii majus, the relative self -fertility of red 
and white varieties was as 98 : 20 ; of Mimulus luteue the 
same comparison gave the ratio of 100 : 147; while pale- 
Colonred Pelargoniums are notoriously great seeders.f 
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THE EMERGENCbi OF TUE FLOHAL 

TSEoaETiCALLT, as already stated, a perfect flower slionld or 
might be coiaposed of six wliorls, if its parts be not spii-ally 
diaposed, — the poriaiitii, andixeciam, and gyiKBcium eatili 
conaisting of two verticils. Tte very general rule for their 
emergence from the axis ia centripetal. The sabseqaent 
rates of development of the several whorls may vary con- 
siderably, so that one part which emerged first, or at least 
very early, may be late or the last to ai'rive at maturity. 

The calyx or outermost whorl of the perianth when 
present is nearly alwaja the first to appear, and to grow 
rapidly to a relatively large size, and thna protects the more 
rudimentaiy pai-ta within it; but if it ultimately remains 
radimentary itself, or, it may be, is not entirely arrested, then 
it is the corolla which first emerges, the function of pro- 
tecting the essential organ.s being relegated to it. Such is 
the case with the Composito', Valerianem, etc. 

The corolla, with I'are exception, emerges before the 
Btaraena, though it ig very generally rapidly passed in 
development by the latter organs. In Jiopena and Priwala, 
however, the stamens emerge fii-st ; and this has led some 
botanists • to regard the petals of the last-named plant as 



* For referenceB a 
Masters'a pnper, On b 
Trans. Lin. Bcw., 2Qd i 



:d literatara on tlie Btrooture of Primnlacea, ies 
niB Pointi in the Morphology of the Friiaitlacem, 
iriea. Botany, vol. i., p. 285. 
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outgTowfclis from the sfamens, Mj own observationa tend 
to confirm those of Di'. Masters, that it is an exceptional fact, 
anj not constant. It appeared to him " that in Lysimackia 
Nummularia the petals did really aomotimea (but not alwaja) 
precede the staraena in their derelopment." 

The stamens emerge before the pistil, and if there be two 
whorla to the andrcecium, it is the sepaliue whorl which 
appears first; thongh the fully developed stamens sometimes 
aaanme a position, as already explained, within the pelaline, 
as in Qeraniace(B. Like the corolla and Btaminal whorls, the 
carpellary appears all at once, and last of all. 

With reference to the emergence of the individual parts 
of the whorls, it is an almost invariable rule that those of the 
outermost whorl of the perianth or calyx, if it consist of three 
or five parts, rise centripetally in succession according to the 
laws of phyllotaxis. Thus, if the calyx be pcntaraei-ous, its 
pai'ts invariably emerge in quiocuncial order, thus consti- 
tuting a cycle of the ^ type. If it be trimerous, as in Mono- 
cotyledons, it is a cycle of the \ type. If, however, it be 
tetramerous, then the parts emerge in decussating pairs, as 
in Tamarix tetrandra, S^armannia, Philadelpjiui, and the 
sepala in the Cmciferm.* This clearly shows that a normally 
tetramerous calyx is the result of the combination of two 
paiiB of leaves, corresponding to two nodes, the internodo 
between the pairs being suppressed. 

The paiis of the inner whorl of the perianth or petals of 
the corolla, as also those of each staminal and carpellary 
whorl, almost invariably emerge simultaneously if the whorls 
be regular; though pronounced differences may occur in the 
case of irregular flowers. Similarly, when there is a strong 
spiral tendency, as in the Eanuneulacea:, members may arise 
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successively. If the stiimena be very immeroiiB they 
uaually emerge iu centripetal order, as in Battercups ; but 
they may form "eentrifngal gronpii," ae in Hypericum.; the 
numerous stamens of Oistus and Helianfheminn, aa well as 
of Cactus, Opiintia, a,nA Mesembryajithemum, and the Loasece, 
are also centrifugal in their development. Iiaatly, if the 
carpels form a whorl, they, too, emerge simultaneously ; but 



if they be 

develop in i 

There t 

first ia thi 



B and spimlly an-angod they em.erge o 



some additional points to be observed. The 
lethod of change from tetrameroua to pen- j 




m 144° is 

B after si 



le same plant. Thus in Celadrus srandetts, 
if the flower be tct:'8merous, the sepals appear in pairs, the 
antero-posterior firet, then the lateral pair afterwards. If 
the flower be pentamei-ous the sepals arise in succession 
quincnncially, the numbers 1 and 3 being anterior; numbers 
4 and 5 are lateral, and number 2 posterior. 

Now, by referring' to the diagrams above, it will be 
^een that this order ia in exact agreement with the usual 
method of passing from opposite to alternate arrangements 
in the foliage. The correct angular distance or divergence 
being acquired immediately in the case of the calys, by 
shifting the position of the parts so that the divergence of 
obtained. In the case of foliage, this is only secured, 
after several internodea (see p. 18). 
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Exactly the same procedure occucs in Sparinannia 
and riiiladelphas, ■which are tetraraerous, as compared with 
Tilia and DeuUia respectively, wliicli are pen tame ro as (see 
,,. 18). 

The next point to be noticed is the alteration in the 
oi-der of emergence which takes place in irregular flowers. 
The rule seems to be that those parte of the flowers which 
assume a gi'eater prominence in the mature state, or have 
some special function beyond the rest, emerge and develop 
before the others. Thus in Lec/uminosm and Lahiatw, where 
there is a prominent " ianding-place " for insects, the petals 
issue successively in an an tero- poster! or order. The carina 
of papilionaceous flowers composed of two petals appears 
fii-st, then the alie together, and finally the vexillum. In 
Reseda, the sepals, petals, and etametis iss 
anterior 
the samt 

appear ii 
OB, grow 
stamens. 

In a few regnlar flowers the Biranltaneity is also wanting. 
thus in Adoxa the sepals of the tetrameroua terminal flower 
emerge in pairs, and the four petals simultaneously ; but in 
the lateral flowers the posterior sepals issue before the 
anterior; and of the fire petals the posterior one emerges 
first, the two lateral secondly, and t!ie two anterior ones last 
of all. These modifications are continued in the order of 
flowering. Thus the terminal flower expands first, and "all 
at once." Of the lower lateral flowers the two upper 
posterior sepals open out first, then the posterior stamens , 
mature and shed their pollen. The anthers dehisce in suc- 
c^sion from the lateral atamens, and lastly from the anterior 



but while the sepals finally attain ta much 
dimensions, the petals remain raoM or less atrophied 
merge towards the anterior side. Then the stamens 
I the same order npon a cellular ring, which, later 
i out into the unilateral disk between the petals and 
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ones. The lower sepals do not separate until after the nppei 
atftincns have shed their pollen.* 

Thongh we are not in a position yet to acconnt for all 
Bucii deviations Eixrai general rules, yet I think in such caaea 
as the LegumirwsiB and Labiates, and probably all irregular 
flowers, that the rationale may with great probability be 
assumed to be the stimulus given fi-om without to meet the 
estra sti^ain which certain petals or stamens or both have to 
sustain while aapporting the weight of an insect when visiting 
theia. To meet this demand an extra supply of nutriment is 
sent to the parts which thaa require it ; and, in fact, I believe 
the final result has thns been actually brought about by the 
effort of the plant itself, so that it has developed parts iu 
accordance with its reqiiii-ements in a manner pai-allel with 
that which has obtained in the animal kingdom. 

In the case of Adoxa I would regard the above-mentioned 
orders of development as a result of unequal distribation of 
nutriment in oi-der of time. Thus the apical flower receives 
its nutriment first and develops first ; then the other flowers 
■which are placed laterally subsequently. And this order of 
supply has affected the parts of the latter flowers in the 
same way, so that they develop from above downwards, or 
in a pQstei-o -anterior manner. It may be compai-ed to a 
three- flowered cyme, of which tho central flower expands 
first, and the two lower ones afterwards. 

A feature must here be noticed, thongh I do not think mucb 
stress need be laid upon it, which botanists have called " obdi- 
plostemony." f If a flower have one whorl of stamens of the 
same nnraber as the petals it is isostenionoua j of two, diploste- 
TOonouB ; and if the stamens of the outer whorl be opposite or 

• For a note on Adoxa, aea my paper On the Origin oj Floral £etiva- 
tiotia, Ttana. Lin. Soc., Snd BcricH, Botany, vol. i., p> 194>. 
t Sooba' Texi-Booli, Snd edition, p. 601. 
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1 to the petals, and tliererore antipetalous, then the 
above term is used ; for the rule ia that the calycjnc whorl 
should be onterraost and emerge first ; then the petaline, which 
naaallj takes a position higher np on the axil; and, in at 
least most of the genera and oi-dei's where obdiplostemony has 
been noticed in the completely developed flowei-, it is simpiy 
due to the petabne whorl of filameiits being, so to say, thrust 
ontaide the level of the calycine whorl by the protruding 
bttttresB-like bases of the carpels, as in Geranium prateme. 
This is still more the case in Oxalin, where, as in Geranium, 
the eepaline stamens become the taller set, the petaline the 
shorter; and the position of the former being more internal 
than UBQal, apparently in conseqaence of the appendages 
■which grow on the outer side of the filaments.* 

Again, the oi-der of emergence may be the same as usual, 
namely the sepaline stamens first, then the petaline; but 
the position of the latter, instead of being within as ia 
the rule, may he apparently on exactly the same plane as 
the sepaline, as in Heaths. Since, however, 
they do not emerge simultaneously, but one ^j ^ 
set ia intei'calated between the other, or even Cfcl 

ontside of it (Fig. 51), this order of appear- fj*^ 
ance is, to my mind, a sufficient proof that 7^'' 
they do not really belong to the calycine ng. b 
whorl. ^,1 

There is no greater difficulty in under- ^^^ 
standing this, than in seeing that a compres- '''" 
aion of the internodes of opposite and vei'ticillato leaves las 
taken place when double the usual number are present in 
a whorl. Thus privet hiis sometimes four leaves at one node, 
forming a quaternary whorl, and all on the same plane; and 

• According to Frank, in OxaUdv(B and Gfra-niaceie, it is the anti- 
intuloQB stamens which are davoloped first. See above, p. 150. 
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this will remind the reader that, since floral whoHa.are based 
upon ptiyllotasis, ten atamena could not possibly form n 
cycle ; and although the eight stamens of a Heath might do 
BO, there ia nothing in the leaf arrangement of that genus to 
snggeat their being a whorl of the f type. 

Since the petaline cords are usually nnited to the 
staminal ones, the fact that the petaline stamens get 
sometimes, as it were, " dragged outwards," offers realty 
no great diEBculty; but ia, so to say, a mere accident brought 
about by the adaptations of the flower to insect agency. 

Indeed, to interpret these irregularities in the emer- 
gence, one must look to the final condition to see if there 
are any ultimate reaulta in correlation with them. In Oxalis 
we get beterostylism with its corresponding different lengths 
of the filaments, and the necessary adjustments of the latter ; 
since there are at least two sets in each flower, for insects to 
readily secure the pollen. In Heaths all the anthers are 
arranged in a ring ronnd the style, pressing their cells 
against it, and so closely approsimated, that when a bee 
dislocates one by pushing the lever-like auricle to one side, 
she dislocates the whole, and so receives a shower ot pollen. 

These final arrangements, therefore, are snggestive of the 
reason why the points of emergence of the stamens occur just 
where they do. 

In the case of Hypericum, where the stamens emerge 
centrifugally, from a definite number of original papillte, 
three or five as the case may be, the stigmas extend 
outwards ; so tLat, if they have not been pollinated by 
insects, they can come in contact with the latest formed or_ 
the outermost anthers. 
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THE EEVELOPMEXT OF THE FLOKiL WHOBLH. 

The oi-der in which the Beveral -whorla of flowers emerge 
from the axis is, as stated above, almost invariable ; but the 
rates of development are very variouB, and important sexual 
and other differences follow as the results. For Bowers with 
conspicuous corollas or other structures attractive to insects, 
the prevailing order of progression subsequent to emergence 
is first the calyx, secondly the stamens, and, if there be two 
series, the whorl superposed to the sepals grows first, 
afterwards the whorl superposed to tho petals; then follows 
the pistil to a point approaching maturity, when the corolla, 
just before expnnsion, grows very rapidly to its full size ; and 
finally the stigmas mature. The anthers have also grown 
long before the filaments, which at last elongate very rapidly. 
The usual result on maturity is various degrees of protandry, 
coupled with conspicuousnesa or attractiveness to insects. 
As a few of the examples I have examined maybe mentioned 
lianunculus aerw, Cardamine pratensis, Slellaria Solostea, 
Lychnii dioica (male), Malea moschata, Geranium (larger 
flowered sp.), Felargoniam, Tropwolum, jEpilobium }iiTsvtum, 
(Enothera hiennis, Tpotrtma, Veronica Chamcedrys, etc. In fact, 
this order of growth and development prevails generally with 
flowers having conspicaons corollas. 

The interpretation appears to be as fullons. In sach 
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flowera as tbese, energy la especially directed into the 
development of the corolla and andi'osciani ; the former 
being laige, and the latter supplied with, nmch and often 
highly differentiated pollen All this means the conatimption 
of 80 mnth more mitriment , and, aa tlie chief amonnt uf 
floral energy is thus diiected first into the andi-cecinm, then 
into the corolla — which often attains a far greater size than the 
Other organs, — conBeqnently these two whorls tend to draw 
a lai^e amount of nourishment to themselves. In eonse- 
qnenee of this, the pistil has, temporarily at least, to 
suffer ; so that its growth ia for a time delayed, and it 
does not mature as early as the stamens, which had, moreover, 
a considerable start in the race to maturity. Hence the 
result is that the stamens are often mature and even, shed all 
their pollen long before the stigmas are prepared to receive it. 

This, then, accounts for protandry being almost invariably 
the rule in the case of relatively conspicuous flowers * 

If flowers have two or more whorls or many series of 
stamens, as have many genora of Caiyophyllew, Geianiacece, 
Saniinculacew, and Uosacece, then the piatil may arrive at 
maturity between the periods of different series, or con- 
teraporaneonsly with some of them ; so that, while the flower 
is protandrous with regard to the firat stamens which mature, 
it is homogamoas with others, and thus self- fertilisation can 
he readily secured if the flower fail to ho crossed. 

It may be here observed, thoagh the fact will be dwelt 
upon again, that by far the greater majority of flowers, 
conspicuous or not, retain this provision for self -fertilisation; 
and that those flowers which normally cannot possibly 
fertilise themselves are in a very email minority. 

■ There ere a few protogjnona flowera, it ia true, whith are mora 
□T less conapionaaB, Int theeo eiCGptitmal oaBeE have their own inter- 
pretatioDS, whinh will be oonsiiieced later on (see Chap. SXIL). 
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Nearly the same order of development as the above is 
maintained with some that have rather inconspicuous flowers 
in consequence of the corolla being Email ; but then it must 
be remembered that the other organs ai'e pi'oportionally 
small too, and, if the/ come at all, are visited by small 
insects. Such, for example, aro Malva crispa, Veronica 
serpylUfolia, V. agrestis, etc. In these flowers, however, the 
pistil has a remarkably rapid growth as compared with the 
preceding cases. The cause is, that energy is now directed 
at once to that organ, instead of being so largely occupied by 
d corolla. The result is that the pistil 
rapidly than in the previous cases, and 
Bimultancoasly with the stamens. The 
flower is therefore more nearly homogamous, and self- 
fertilisation can with them more easily ensue. 

In many cases amongst inconspicnoua flowers I could 
detect no appreciable difference at all in the rates of 
development of the essential organs. I would then desciibo 
the order as Calyx, Stamens -{- Pistil, Corolla. As examples 
are Lepidiuin catnpettre, Sisymbrium Alliaria, and S. officinedia, 
Naaturtium offi.ciiiale, Corrigiola littoralis, (Enothera historta, 
etc. These are all, it will be noticed, very small-flowered 
plants. They are thus horaogamous, and habitually self- 
fertiliaing. 

The next order of development to be noticed is Calyx, 
Stamens, Corolla., Pistil. As far as my observations go, this 
order appears to be mainly confined to gamopetalous flowers, 
with a hypogynons corolla, as Linaria minor, L. Gymhalaria, 
Yeronica spicaia, Frimiila,'' Anchusa ajjicinalis, Borago qffici- 

* Thia order of doTeloptnent in Frimroae haa been obserred by 
obbora, and apparently' thought to be eiceptional ; bo that the eomewhat 
straoge snggeatioo of the corolla bsing an ontgrowtb of the andrcECiam 
was made \ij PfeSer ; but it by no means stands atnne IQ this respect. 
Sue SaohB, I.e., p. 609 ; Jakrb. /flr Wwsensch,, Bot., vol. yii., p. 194. 
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italis, Amsinckia angusiifoUa, Statics ^silocladia and Plantago 
Goronopas, ete. 

The remarkable delay in the progress of the development 
of the corolla during the emergence and first stages of 
development of the stamens is the pecnliar feature. It 
eometimea allows the stamens to emerge first, as in Frimula ; 
or if they be nearly eimnltaneoua, then the corolla may be 
suddenly checked, as in Veroniaa. But many differences 
occur; thus they emei^e and grow up together in Samoliis, 
while in Anchitsa o^cinalis the corolla rapidly exceeds both 
stamens and pistil. In the case of AmsincHa the corolla 
and stamens appear to emerge almost together, and then 
follows the pistil, which the former qnickly exceed in height. 
Then the pistil regains the height of the stamens, and tbey 
ultimately mature together. A similar procedure obtains 
with Flantago Coronopus : though the petals emerge flrat, 
the anthers quickly outstrip them, and the corolla grows 
considerably moi^e than the pistil, which is consequently 
delayed ; but when they are nearly developed and the corolla 
becomes scarious, then the style elongates with great rapidity, 
Mid the stigmas mature first, so that the flower is ultimately 
protogynona. Exactly the same course is followed by the 
floral whorla of SiaUce psilocladia. 

The next order of development is Calyx (if present). 
Corolla, Stamens, Pistil ; or even Corolla, Calyx, Stamens, 
Pistil. The cause of the corolla developing so soon is the 
arrest of the calyx, as in Umbelliferce, Valerianew, and Com- 
positte. The corolla now has to act as a protecting organ, and 
always keeps in advance of the essentia! organs. Indeed, in 
the orders with epigynons and gamopetaloas corollas, in which 
the calyx is usually obsolete or nearly so, the corolla actually 
emerges before it. 

The last order of development to be mentioned in the case 
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of flowera possessing a corolla is Calyx, Pistil, Stamens, 
Corolla. Aa examples, I Gad the {ollowing illustrate this 
condition: Sanuncidus sceleratus, Cardamine hirauta, C'erastium 
gloTneratwm, Arenaria. trinerva., Sagina procamhene, Spergu- 
laria marina, Polycarpon tetraphijLlum, Trifolium. lainus, 
Hpilobium montanuTn., Gaura parvijtora, etc. This appears to 
be the most general condition for very small and incon- 
spicaoiis flowers which are i-egiilarly self- fertilised. The 
interpretation is the exact converae of the order of develop, 
ment first described; namely, of the whorls of conspicnous 
flowere. All the above ai'e inconspicuous, many being rarely 
if evei' visited by insects; and as the corolla is minute, no 
nourishment is required foi' the petals, the stamens are often 
reduced in number and the quantity of poLleu diminished. 
The pistil at onco proceeds to grow, and the result is, if not 
homogany, protogyny. 

It must be now home in mind that the above differences 
in the order of growth and development must not be regai-ded 
as at all absolute or invariable, but only general rules as to 
what takes place ; for the rates of growth of the respective 
whorls may vary in the same species according to external 
circumstances ; so that a plant may be protandrous at one 
time or place, homogamous or even protogynoua elsewhere 
or in another season, as the case may be. Indeed, Mullcr 
frequently calls attention to this fact, to which I shall have 
occasion to return. 

Emerqence a\d Development op the Ovules. — If the 
ovules be tolerably numerous, the order in wtich they appear 
is not constant. It may be either from above downwards or 
from below upwards on the placenta. Thus, as Payer has 
shown by hia drawings, in Viala, Reseda, Cistus, Telrapoma, 
Fwmaria, lAnum, Rula, Melianihiis, Slaphylea, Spirma, and 
Cfpuntia the order is basifugal, or from below upwards. On 
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tde other hand, in Macleija, Dicentra, Epimedium, Bartonta, 
Itnpatiens, Ly thrum, Dracophyllum, MalaehiuTn, CerasHum, 
Primula, and Samobts the order is baaipetal, op from abore 
downwards. 

When the row of ovnlea is very nnmerona, it is the mle 
that the point where they first begin to emerge is midway, 
and the deyelopment takes place both upwards and down- 
wards flimultaneously. It is thns with Selleborus and allied 
genera with follicles, Capiparis, Epilobium, Trifolium, Cajo- 
pkora, Lathynu, Cilme, Fassiflora, and the Monocotyledonous 
orders, IridacecB and Atnaryllidacem. Lytkrum, and Opunlia, 
however, both of which have considerable i-ows of ovules, 
develop them, as etatcd above, in a basipetal and basifagal 
manner respectively. 

On examining Payer's numerous figures, I find that when 
the order of development is from below upwards, the ovules 
have their micropyles upwai-d; when they develop from 
above downwards, the micropyles gi'ow downwards. In 
either case, occasionally the middle ones may be somewhat 
horizontal, if they are somewhat numerous, aa in Bartonia, 
Spirxa, and SlapTiylea. When they are very numei-ous and 
develop both ways from a point midway, then the ovules 
may cither turn npwarda or downwards ; the majority being 
downwards in the pi-oportion of nine to five. 

As a, theoretical interpretation to account for the general 
fact of the centi-al ovules developing first ■when there a,ve 
long rowa of tliera, it may be due to the carpel being com- 
parable to a lanceolate leaf, where the longest and therefore 
the raost vigorous nerve-branch of the pinnate nerves ia in the 
middle. If the rows of ovnlea emerge from below upwai-da, 
the carpel may be comparable to a more primitive type, aa o£ 
monocotyledons with a palmate foliage. Thns the only 
esceptiona I can find in Payer's figures of Monocotyledons are 
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tlie Oladtolus and Alstrosmeria, where they are very numerous 
and follow the rule of commencing to emerge in the middle, 
and then proceed upwards and downwards. Though parietal 
placentas seem generally to have their ovules developed from 
below upwards, yet, as seen above, it is not uncommon with 
an axile placentation. If any interpretation be sought, I 
should feel inclined to associate it somewhat with a more 
primitive state of things, since a parietal placentation presents 
a more rudimentary character than an axile. But why they 
are developed thus, sometimes upwards, sometimes down- 
wards, or both ways at once, is at present as inexplicable as 
the fact that leaves develop both basipetally and basif agally, 
either in their entirety, or as to their lobes and notches, which 
may be formed on either plan. Perhaps there may prove to 
be a common cause for both. 
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CHAPTER XXII. 

HeTEKOGAMY* and AlTTOGAMr. 

PEOTiJfDRT, Pbotogtnt, HoMOfiAMT, AND Cleistogamt. — These 
eonditione prevail in nature in varying degrees of frequency. 
The first 18 common to all conspicnona flowers habitually 
visited by insects, and is accompanied by heterogamy. The 
fact that anthers naatnre their pollen before the stigiaaa of 
the same flower are ready to I'eceive it, is dne to the extra 
etimulug given to the andrceeium, which mostly effecta 
simnltaneously the enhancement of the corolla or perianth 
■which attracts the insects (see p. 191). Like everything else 
in nature, it is very far from being absolute, and any flower 
may be protaudrous at one time or place, while it may at 
another mataa'e the essential oi'gans together, and then it 
becomes homogamous, or it may be even protogjcoas. 

These latter conditions prevail in less conspicuous flowers 
a.nd all those which are fluctuating between a condition 



• Beterogamy, i.e. nnion by intercrossing different flowers. 

A'tiogamy, i.e. union by Eolf-fertiliBing one and the same flower. 

Protandry, i.e. Btameus matnring the pollen before the sCigmtts <d 
one and the aame flower are ready to reocivo it. 

Protogyny, i.e. pistil maturing the etigmas before the pollen of one 
and tlie same flower ia shed. 

Hoinoganiy, i.e. pollen and stigoiaa of one and the sam 
maturing HimnltaneoDBlf. 

Cleiatogamy, i.e. aotogamona wilhiu an nnopaued perianth. 
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reqniriag insect agency and aelf- fertilisation or autogamy; 
as well as iu the majority of flowers which are too incon- 
spicQoua to invite insects at all, or which never expand. The 
Beriea of such flowers terminates in perfect and perpetiial 






stogamy. 



The first condition, or Protandry, does not now reqnire 
special discnaaion or illnstration ; as it is the prevailing one 
in most conspicnoua flowers : though it must be distinctly 
borne in mind that the exceptiocs are rare iu which a flower 
cannot) fertilise itself at some period or other before it fades ; 
even though a large order, as Orchide(B, may furnish many 
examples. 

Protogyny may arise fi-om several causes, Miiller has 
mentioned about twenty species of plants irrespective of the 
Grasses which are more or leas decidedly protogynous ; and 
what one notices is that many are Alpine species of genera 
which have other species dispersed elsewhere that are homo- 
gamoua or protandrous. Thus Anemone alpina is protogynona, 
bat A. Naroissifolia is protandrous. Ranunaulus montanus, R. 
pamassifoUvs, It. pyrenmut aro all protogynous. These may 
be compared with the smaller- flowered forms of E. aquatilis 
which are homogamoua ; but B. fiammula, S. acris, R. repena 
and B. hulbosua are protandrous with the outermost stamens 
only. Thus, this genua supplies a progt-easive series. Other 
protogynous and mountain species are Dryas ocfopetala, 
species of Saxifrage, as jS. an-drosacea and S. muscoides, and 
iS. Begitisri : but Miiller found 8. oppositifolia and 8. Iridaa- 
tylites to be sometimea feebly protandrous, at others proto- 
gynous. On the other hand, S. rotundifolia, 8. aizoides, etc. 
are protandrous. Jjoiselewria procumbens, TrimitaUs EnropKa, 
Bartsia alpina, Sutchinsia alpina, and Thalicirum oIpinHm 
are all protogynous. 

Secondly, a group of plants, the flowers of which have 
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tlie spring or the begins 
Lch are species of. J 
well aa the Horae-chestant J 



the habit o£ bloBSoming early, 
ning of tho summer, an 
Hellebore, Frunus, and Gratceg^ 
and Mandragora vemalis. 

Some species are characterized by the habit of living iq 
shady places, as Geum. urbatmin and G. Hvale, Ohn/sosplenittnt 
oppoeitifolium, Gugea lutea, Parte quadrifoUa. 

lastly, others have minute flowers, as Geranium ptisilh 
Yei-onicasBTpyllifolia, Toffieldia, and many other species, 
of which I have mentioned when treating of the eiaergence 
and development of the floral whorls, where I have explained 
the cause. • 

Wind-fertilised or aneraophilous flowers are for the most 
part protogynoua ; for these flowers have been accompanied by 
etroog degeneracy of the corolla and pollen, while all ti-aces 
of nectariferous atrnctnres are almost invariably and entirely 
Buppressed.t Hence Thalictrum minus, Poterium. Sanguisorba, 
Flantago sp., CuUitricke, Myriophylium, Artemisia, Clieno- 
podium, Amentiferis, Juncacece, and GraminecB are all more 
or less characterized by being protogynons while they are 
anemophilous as well. 

If we ai'e not in a position to trace the actual causes of 
protogyny in every instance, we can at least see several 
influences which can bring it about. Temperatnre ivill be 
seen hereafter to be a most potent one ; for a relatively lower 
tem.perature very frequently checks the energy of the corolla 
and stamens, without having any necessarily corresponding 
effect on the pistil, and several compensating processes then 
come into play ; so, conversely, the pistil now gains the 
ascendancy and can mature first. This, therefore, will 

* Sea Chaps. XX. and XXI. 

t Interorosaing by inaects may be recovered in anemopliiloua BowarH j 
when honBy may be ^aiu BBcreted, as in Salix capriga and Sanguisorba 
ojKia'nalts ; see Fertilisation, etc., p. 236, fig, 77. 
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Bceoant for some monntain species, as well as those blossoming 
early or in shady places, being protogynoua. 

It must not be regarded as noiveraaliy tme. If flowers so 
situated or circumsta,Dced be abundantly visited by insects, 
tbey will respond to tlieii' influotice ; and tbe consequence is, 
that many Alpine plants are even strongly protandrous, as 
well as spring-flowering plants and some which grow in 
shady places, as Sanicula Euro^iea, Odontites eerotina, etc. It 
is when we compai-e the protogynons species with others of 
the same genus, that the influences of a lower temperature, 
shade, etc., more especially suggest themselves as true causes 
of protogyny in some species, while others may be homo- 
imouB or protandrons. 

Many plants normally provided with conspicuous flowers, 
but accidentally growing in shady places, may often be found 
having them half opened or as quite closed bads, and yet 
fully fertile. The same occurs late in the season, when the 
flowering period is drawing to a close. Such flowers repre- 
sent the preliminary stages leading to a permanently homt^ 
gatnous or protogynoas condition, as the case may be, which 
are mostly autogamous as well. 

Whatever may be the direct cause, and there may be 
others besides those I have mentioned, protogyny is easily 
brought about temporarily in individuals, or it may become 
hereditary and a permanent featnre. 

It need now hardly be added that, befoi'e protogyny is 

lached and emphasized, all degrees of passage can be met 

with from strong to weak protandry ; then homogamy is 

acquired : and, after passing through oscillating conditions, 

permanent protogyny can bo finally the result. 

Many individual plants vary in this respect, being some- 
times or in some places in one condition, and at other times 
and in other places in another condition. As nothing ia 
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T character ii 



, what may 
a ore broken 



abaolnte in nature, so in this case, plants respond to the 
influencea brought to bear upon thera, and each individual 
may vary accordingly, but if the inBuence be permanent, then 
the variation becomes hereditary, and one or o 
fixed, and may be regarded aa specific or gei 
may be, Should the environment change o 
have been constant for generationa will be oi 
up, and instability ensiiea. 

Miiller records several cases of suah oacillations, as in 
Pulsatilla vemalis, Dryas oclopetala, Bibes petrcnim, Gentiana 
cwmpestris, Veronica gerpylUfoUa, V. epicata, Walont, Hazel, 
etc These vary from protaudry through homogamy to 
protogyny. He also mentions species which have not yet 
arrived at complete protogyny, such as Sihbaldia procuinbena 
and Sanancnlua alpestris, mountain species which are homo- 
gamons ; while J2. glacialis is sometimes even slightly pro- 
tandroua. Fapaver alpinum, Arabia alpina, and Biscutella 
IcBvigata are also described as homogamoua. 

Aa the transitions from a conspicuous, protandrons, and 
entomophilous or insect-fertilised flower to a horaogamous 
and antogamona or self -fertilised one, as well as to anemo- 
phily, are the effecta of degeneracy, they will be considered 
more fully when tbat peculiar condition of floral structure 
oomes to be diacnssed.* 

• See Chaps. XXVI. and XXVn. 
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HETEROSTYLISH." 

DiMORFHic Flowers. — A large portioa of Mr. Darwin's wort 
on the " Forma of "Flowers " deals with the varieties and phe- 
nomeDa of heterostySisra, which is specially ehai-acteristic of 
the Primulacece, and Bahiacew, though several instances exist 
in other orders as well. He and Mr. J. Scott were mainly 
interested in showing that " illegitimate " or horaomorphic 
itnions were less prolific than " legitimate " or hetei-omorphic ; 
and iaterentially took occasion to describe the differential 
Hexnal characters of the forms of the same species. With 
regard to this latter fact, when Mr. Darwin experimented 
with wild Cowslips, he first thnusrht that they were tending 
towards a ditecions condition, and that the long-styled plants 
were more feminine in natnre, and woald produce more seed ; 
conversely, that the short-styled plants were more iiiaacnline. 
Contrary to his anticipation, of plants marked growing 
in his garden, in an open field, and in a shady wood, the 
short-styled forma gave m.ost seed, the weight of seed being 
in "the proportion of 41 to 34 ; that is, the short-styled pro- 
duced more seed than the long-styled in the proportion of 
nearly 4 to 3. Similarly when a number of wild plants were 

• Hetfrnstyled, i.e. plaota with etamena and styleB of different bob 
ODrreeponding lengths on separato planta. 

Hamostyled, i.e. when Bta.mena and etylee are of the same length. 

Somo; di., tri-, poly-, and hetero-mmrphic, i.e. flowera of the same, 
tUK>, three, maAiji, and different forma, respeativslj. 
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1 




weight of seed being therefore nearly 4 to 


3. Lastly, of 


planta covered by a net, six short-styled plants bore 


about 


50 seeds, while 18 long-atyled planta bore non 


at all. 




rrom these resalta, Mr. Darwin wrote, ' 


we may 


safely 


conclude that the short-styled form ia more prodnctiv 


B tban 




iticipation that 


the [long-styled form] wonld prove to be m 


i-e feminine in 


natoi-e, is exactly the reverse of the truth 


"• We shall 


see, however, that his sannisa was probably, 


to some extent, 


right, nevertheless. 






Mr. Darwin and Mr. Scott have recorded h 


great number 


of experimenta in crossing heteroatyled plants, and the 


following tables, constructed from details given by 


tbose 


aothors, show to what extent the plants named 


were bcneGtod 


by crossing either way. 




J 


LEGITEHATE OE HETEfiOMOEPHIO ONIONS. 


^^H 


LODE- 


Ehort- 


IHR^^^H 


Blylrf. 


ityled. 




Primnlaveria (Wt. of seeds of 100 capsules) +tj3 ia 


to «. 


'i? ^H 


P. elatior (Av. No. of seeds per capsule) 465 


, 47-7 


i*^M 


P. vulgaris „ f66-9 


65 


i«>^H 


„ var. alba [Soott] 


19 


, 21 


' ^1 


P. Sinonaia 


60 


, §61 


'' ^H 


„ [Hildebrand] 


41 


, 44 


' ^H 


P. Anrionla [Scott] 




, §98 


2S ^H 


P. SikkimensiB „ 


35 


, 5*a 


'^H 


P. cortusoides „ 


El 


, §61 


10 ^H 


P. invalncrata „ 


6G 




°^H 


P. (arinosa 


&2 


56 


* ^H 


Hottoniapa!. [Mullet] 


t9I-4 


ce-2 


^i^H 




13 


1-57 


027 


Mitchelta repona 


a-e 


4-1 


0-5 


Linnm grandiQamm 


5-0 


4-3 


13 


L. peremiQ 


7 


8 


1 


1 L. flavum (3 flowers produoed capsnlca) 1 


3 


2 ^^H 


H * Forms, etc, p. ^^^H 



HETEROSTYLISM. 

The fir§t obEervation is that in twelve cases tbe ahort- 
Btyled are in excess of the long-stj!ed, and in four cases (f) this 
is reversed. Hence Mi-. Danvin's conclnsion is not absolate ; 
and it ia a somewhat remarkable fact that Primula veris (the 
Cowslip) ia the identical species from wliich he deduced the 
conclusion that the short-styled was the more feminine of 
the two forms. Tbe conelusion now arrived at from this 
species wonld be, that when it is left to itself the short-stjled 
form sets most seed ; but when artificially crossed it is the 
long-styled form which bears best. The cause of the former 
result is that some pollen in the short-styled form can fall 
upon the stigma and so secui'e self -fertilisation, which is 
impossible in the latter case. The same results occurred with 
Mr. Scott.* 

Hence Mr. Darwin's firafc conclusion, that the short-styled 
a the more feminine, was drawn from a wrong premise; 
as it was rot a question of sec so much as of union. When 
the results of self-fertilisation are compared, as given io the 
table on next page, it appears that the long-styled form of 
the Cowslip is the moi'o feminine of the two, in the pro- 
portion of 42 to 30. 

Of that table, three cases of Primula gp. (t) only show the 
short-styled bearing more seed than the long-styled when 
illegitimately fertilised ; viz., with Mr, Scott, P. vulgaris, var. 
alba, and P. Auricula (i.e. forms moM or less modified by 
cultivation) ; and with Hildebrand, P. Sinensis, when crossed 

• Jonm. lAnn- Soc, Bol., vol. viii., 1864. This case may be taken to 
illnatrate one of the disadvantages often accrning through gn-at differenti- 
" jn and adaptation to insect visitors. Thoogh it appears proved that 
legitiioate crosaini:; sets most seed when careful); and srtiSoialt; 
effeotod ; ;et, when tho process is left to the capricious viaits of lUECcta, 
Mr. Darwin's exporimonts show bow nature fails to derive the full 
benefit of inlercivBain^ ; ho that the Cowslip has to be contented with the 
remits of the illfgilimale union of the leaM ferlile of the two forms. 
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by distinct plants. Tlie difference, howBTer, being ODiy two 
in each efiae, is practically inappreciable. 

Of tbe otLer genera, Linutn shows a slight inclination in 
favour o£ short-stjied ; but as this genus ia exceedingly 
barren when illegitimately fertilised, the results here given 
of that plant are insufficient for deducing concluaiona ; at 
bU events, these tables show that the long-styled form ia 
CBiiaiidy more prolijic when illegitimately fertilised, than tho 
short-styled fonn when similarly treated,* 

ILLEGITIMATE OR HOMOMORPHIO UNIONS. 





«ya 


Bljlfd. 


ente. 


Primula verJB (Wt. of Boeda of 100 oapBulog 


42 


30 


13 


P. elatior (Av. No. cf Beeda per copBule) 


27-7 


12-1 


15-8 


P. vulgaris 


S2-3 


IS'S' 


3-4 


„ var. alba [Scott] 


11 


iu 


2 


P. Sinensis 


35 


25 


10 


„ [Hild.] (plants diBDinct) „ 


18 


+2U 


2 


„ (samu flower) 


17 


H 


9 


P. AuricnU [Scott] 


13 


tl4 


3 


P. SikkimeDsis „ 


It 


8 


G 


P. cortuBoidcs 


41 


za 


3 


F. involucrata „ „ 


38 


2H 


10 


P. foriDosa 


ao 


IV 


11 


Hottonla palnstrU [Miiller] 








(plants distinct) „ 


77-5 


18-7 


eS'S 


„ (aamofiowcr) 


15-7 


6-5 


9-8 


Palmonsria off. [Hild.] „ 











Mitohella repena 


2-3 


2 


0-a 


Linum grand! florum „ 


2'5 


f4-2 


1-7 


L.peren„B 





+3 


3 


' "Too low"? 








Refen-ing to the column of Differences i 


n the first table, 



it will be noticed that lieo of the four marlted (t) of the long- 
styled are considerable, namely, P. veris and Sottonia ; but tho 
* tSx. Darnln notEced that tliis v/aa the case with the geDUs Priimiia 
(i..,p.48). 
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other two are practically inappreciable. On the other hand, 
considering every differentie under 5 as inappreciable, there 
are four cases {§J o£ the short-styled in which, it ia consider- 
able ; and of these it was only 3 in the caae of P. Shiensts with 
Hildebrand ; consequently one cannot confidently say that the 
short-styled is more feminine than the long-styled — at least, 
to any well-niavked extent. 

With the corresponding column in the second table, one 
notices niTie cases where tbe difference ia great ; while in all 
of those marked (f) it is inappreciable. Hence the con- 
clusion is mnch more pi'oiioanced in favour of the greater 
fertility of the long-stjled forms when illegitimately crossed. 

Miiller accounts for "the greater prodnctivonesa of 
illegitimate crossings in the case of the long-styled form 
of Sottonia, than in short-styled flowers, to tho fact that the 
former kind of illegitimate crossings occur frequently iu 
nature; as these flowers are yisitod by poll en -see king fliea 
which have no need to thrust their heads into the flower 
of the short-styled form," which is, therefore, presumably 
neglected.* 

The table I have hei-e drawn up shows that the greater 
fertility of the long-styled form when illegitimately fertilised, 
is a general feature of heterostyled plants, and not pecaliar 
to Mottonia palustris ; hence we mnst look to a more general 
cause. 

As anothei- hypothesis, it may perhaps be suggested that, 
as the homomoi'phic condition of short stamens with a short 
style seems to have been the primitive form, then in tho 

" If MQUor's idea be true, Suttonia fomUheB eaotliar instanoe of 
the diBadranta^ of gce^b differsntiatioas, and ia on!;^ one (tcf^oo better 
ofl than the Cowalip. In either oaHs, one is incliaed to ank what has 
become of the proper insecta (whatover tliey may be) reqaked for the 
perfect intcrcrossitig of theae flovrera. 
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long-atyled form tbo staraena are uncbangod, while the pistil 
has elongated; whereas, ia the ahort-atyled form, with now- 
elevated stamens, these and their pollen have presumably 
become differentiated, while the pistil haa remained un- 
changed. Now the above result appears to indieate the fact 
that the long-atyled pistil has not become physiologically 
differentiated to bo great an extent as the pollen of the long- 
Btamened form. The result is that it can be fertihaed by the 
unchanged pollen of the same foi'm more easily than the ahort- 
Btyled primitive form of pistil by the more highly differentiated 
pollen. This is not stated aa a proved fact, and must be 
only regai'ded aa a hypothetical euggestion. The extreme 
limits of differentiation are I'eached when the flower ia 
heterostyled in form but diceeioua in fanction. Thus 
^gipkila, dbdurata aeemed to Mr. Darwin to be jn a dicecious 
condition, but derived' from heterostylism, in which the 
long-atyled was apparently female, and the short-styled 



The species which shows the most marked difference 
between the produee of the legitimate fertilisation of the 
two forma ia P. Auricula (or eultivated vars. of Auriciila). 
It had been asserted by Prof. Treviranna that the long-atyled 
unions were absolutely barren.* Mr. Scott shows that this 
idea arose ivara the fact that the plant in question had not 
been crossed. His experimenta pi^ove that the short-styled 
is the most fertile, whether legitimately or illegitimately 
crossed, though in the latter the difference is alighter : in 
the former the ratio being 8 to 6 ; and in the latter, 7 to 6. 

Homostyled forms of P. Auricula are not uncommon. Mr, 

Scott fonnd that 9 capsules gave 272 seeds, or an average 

of 30 seeds per capsule. Comparing this with the following 

results, its extreme fertility becomes apparent : — 

• Scott, i.c., p. 90. 



J 



HETEROSTYLISM. 



209 



Short- styled X homostyled gave 8 seeds per capsule. 
SliDrt-atjled X short-eljled „ 14 „ „ „ 
Long-styled x hoino8ty]ed „ 5 „ „ „ 
LoDg-sfcyled X long-styled „ 12 „ „ „ 
TliG pollen of the homoatyled resembled that of the long- 
stylod in appoftrance, though the stamens were situated high 
up aa in the usual short-styled form. This seems to corrobo- 
rate what was said above ; tor we have here aJso a long pistil 
fairly fertile with, undifferentiated pollen. 

Aoothev speciea of FTimida which often bears homo- 
morphio flowers is P. SiTiensie. Mr. Darwin'a attention was 
fii^t directed to it by observing a long-styled plant — de- 
scended from a self- fertilised long-styled parent — with the 
stameuB low down but with the pistil of the short-styled 
form, though the length of the style varied in different 
flowers on the same nrabe!. Ho fertilised eight flowers with 
their own pollen, obtaining five capsules with an average of 
forty-three seeds. The examination of the pollen of two 
equal-styled plants showed a vast number of small shrivelled 
grains. In the case of two white-fi&wered plants, in which the 
pistil was neither properly loug-atyled nor short-atyled, the 
size of the grains was in the proportion of 100 to 88 ; whereas, 
between perfectly characterized long and ehort-styled plants 
it would have been 100 to 57. 

Of the first- mentioned homomorphic plants, four spon- 
taneously yielded 180 capsules, with au average of 548 
seeds, one containing 72 ; a result higber than could be 
expected of either form if self- fertilised. The next genera- 
tion proved to be all equal-styled, i.e. the grandchildren of 
the fonr original plants. One of these bore an average of 68 
seeds per capsule, with a maximum of 82 and a minimum of 
40. Thirteen capsules, spontaneously a elf- fertilised, yielded 
aa average of 332 seeds, " with the astotiishing a. 
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I give these resalts of homostjled Aaricnlaa and. Chinese 
Primroses as illnsti-ating the principle so abundantly proved 
amongst otber plants — that as soon as they begin to retrace 
their steps from a prevailing differentiated condition self- 
fertilisation is rapidly resumed, and there follows a resumption 
of a vastly increased rate of seed-making. They prove, too, 
that howeTer apparently stable these highly differentiated 
states may normally be, various conditions of environment 
can readily break them down; thus, with cultivated plants, 
usually so much stimulated, starvation is a potent cause.t 
Linttm perenne, as the above table shows, is particularly 
barren when illegitimately fertilised, but a single branch on 
a plant has been known to become homomorphic, and then 
to set seed abundantly ; this occurred with Mi'. Meehan. 
Warming fonnd Menyanthes trifoliata to have become com- 
pletely homostyled in Greenland. 

Tktmorfhic Flowees. — As a type of heterostyliam where 
a species adopts three forms, L. Salicaria may be taken. 
Briefly summarizing Mr, Dai-win's elaborate experiments on 

• Torali o/ Flotrem, pp. 218-221. 

t It ia not ddIj trne with LeteroBtfled plants, but the rnle appliea 
generally to highly cultivated flowera, that degeneracy fmm ft floral poiut 
of view ia correlated with eohanced powers of self -fertilisation. Thus 
a professional coltiyator of CyclameiiB is iu the babit of keeping a stock 
of " wcrthtesB " weed j -looking planta, for the espreas purpose of raising 
BsedlingB, as they are bo mucb more prolific than tbe trQB floriBta^ typfls. 
Having obtained them, he then orosscs them, and brings them up to the 
standard raqnired. Indeed, the fact is well known to all cultivatora, that 
the poorer the plant may be, from the floriats' point of view, the better 
seed-bearer ia it; and that ocntinnally cnisBed and "perfect" flowers 
are proportionally impotent or tend to become Eo, wkon a tendency to 
beoome petaliferous ofteu affects the essential orgaus. 
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ttia plant, he found that the flowers vai 
the following resnits (oinittrag decimals i 



I'ously crossed gave 
iider .6) :— • 



Long-Btjlod 
Short-Htj'led 
Mia-BtjleJ 



h mid-Btjled, 
ehort-stjled 
iDng-BtTlcd 
mid-Btyled 
long- staled 
ahort-BtjIed 

long Bta. of bL 



„ .., . to ,. ,. short Hta. of mid-at. „ ... 

From these resalts Mr. Darwin concluded that each form 
of pistil i3 as fully fertile as possihle, only when it receives 
pollen fi-om the stamens of the same length as itself, these 
being legitimate unions. It will be seen that the mid-styled 
form is the most fertile of the thi^e when legitimately fer- 
tilised ; and as all illegitimate unions of the long- and short- 
Htjled forma were too aterile for any averages, the mid-stjled 
form is also the most fertile when illegitimately crossed, and 
is least fertile with its own stamens, as indicated above by 
the (t). Hence self -fertilisation in this species is at a very 
low ebb. 

A few more remarta deduced from Mr. Darwin's observa^ 
tiona t may be added here. Fi-om the three forms occurring 
in approximately equal numbers in a state of nature, and from 
the results of sowing seed naturally produced, there is reason 
to belief that each form, when legitimately fertilised, repro- 
duces all three forms in ahont equal numbers. 

When they are illegitimately erosRcd with pol'en from 
Hie same foiin, they evince a strong but not exclusive tendency 
to reproduce the parent form alone. 

• Forme o/Ftoiter», p. 152, t J^.c- P- 203. 
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When the Bhort or mid-styled forms were illegitimately 
crossed by the long-styled, then the Iibo parent forms alone 
were reproduced, hut iu no case did the third form appear. 

When, however, the mid-styled form was illegitimately 
fertilised by the longest stamens of the short-styled, the seed- 
lings consisted of aU three forms. This illegitimate union was 
noticed as being singularly fertile, and the seedlings themselves 
exhibited no signs of sterility, but grew to the full height. 

Finally, of the three forms, the long-styled evinces some- 
what the strongest tendency to reappear amongst the ofF- 
Bpring, whether both, or one, or neither of the pai'ents ai-e 
long-styled. 

Although L. Salicaria has not, as far as I know, shown 
any sigtis of variahility in the lengths of ita filaments and 
styles, yet, as is perhaps generally the case with heterostyled 
plants, there are one or more species of the same genus which 
are normally homostyled. Thus L. kysaopifoliam, which is 
not social, and is a dwarf form and an annual, bears only siz 
to nine stamens, the anthers of which surround the stigma, 
which is inclnded within the calyx. The three stamens, 
which vary in being present or absent, correspond with the 
sii shorter stamens of L. Salicaria. The stigma and anthers 
are nptamcd as in the last species, and so indicate the fact 
that it is a degenerate form from L. Saiicaria, or some other 
intercrossing species, though it has now reacquired its self- 
fertilising properties. Oxalis is a genas having trimorphic 
species. Many of them are extremely infertile with their 
" own form " pollen. Such are the long-styled form of 0. 
tetraj)'hylla, versicolor, Brasilieiieig, and eompressa. On the 
hand, in the long-styled form of 0. incamata, rosea, 
and Fiottu), and in the mid-styled form of 0. canioti 
sterility occnrs.* 

Aacording to Hildebrand, Boi. Zetlg., ilv., pp. 1, I7i 
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Uriqen of HETEGOSTTLiaM.— The qnestiou may be noi 
asked, How has heterostylifim avisen? We have seen, in th 
first place, that in many cases there is a certain instability ii 
the length of the filaments of the stamens and of the styles, I 
in that they are liable to alter spontaneously, and especially 1 
nnder cultivation,* In the case of Frimuia Awricula, the 
homomorphic form has the anthers and stigma at the orii 
while in F. Sinensis they are often both low down ; it is clear 
that either might ai'ise in two ways. In the case of the former, 
the stamens, while resembling in position tbat of the stamens 
in the short-styled form, have pollen like that of the long- 
styled, the pistil being of that kind. Hence it is reasonable 
to assume that the anthers have been icpU/ted. In the 
Chinese Primi-oae it is the reverse ; so that the pistil 
of a long.etyled form has been loieered to the level of the 
stamens ; the stigmas, too, are that of the short-styled. 

Recognizing this instability of the essential organs, it is 
reasonable to assume that it may be duo to varying degrees 
of nutrition which can readily bring about such changes, a 
relatively strong vegetative vigour elevating the atamena In 
the one case, while a slight tendency to degeneracy with 
lessened vital vigonr tends to suppress the pistil in the other. 

Asaaming a homomorphic form to have been the primitive 
and ancestral slate, we can realize how dimorphism has been 
brought abont by such varying degrees of stimulna having 
been applied to the stamens and pistil. Insect agency 
I take to have been this cause, which, at the same time, has 
by selection jbcud the heights of the Gtamena and style so 

• See the description, given alioye, of Sarcisswi cernmis, Fig, 37, 
p. 121. Mr. Uurwin found Qilia, to vary maoh in tbis reapect. It moy 
be uddod that it is a not uucommoti feature in Bowers wbich are not 
heterostjled, as e.3. coltivated Oludioti and 6'roci, Fritillaria Meleagris, 
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as to render them permanentlj' dimorphic for legitim&tcfV 
fertilisation. The predominant insect or insects were (as Ifl 
surmise) the direct cause oE arresting the fluctuations whichfl 
they themselves, as well its accidental sources of nntriment^-H 
had set up in. the lengths of the essential organs, thnaiifl 
compelling them to retain their anthers and stigmas at thB^ 
correct height. 

If there were from one to three prominent kinds of 
in sect- visitors tbe flowers might become adapted to them, 
And trimorphism be the result ; if four, tetramorphism ; and J 
there ia no A priori reason why there should not be polymor-.J 
phic flowers as well, in the strict sense of the prefix of thafrB 
tenn, provided a flower conid fnmisb a sufficiency of stamens. 

It is further to be noticed that tho rule holds good with 
heterostyled plants, as with ail other kinds of differentiation, 
that in nature, whenever self -fertilisation can be effected, 
more seed Is borne than by the forms requiring intercrossing. 
First, whenever it can be brought about mechanicoMy ; as 
has been observed in P. Sinensis, by the corolla, when falling 
off, dragging the anthers over the stigma in the long-atyled 
form, which consequently yields more seed* In P. veria, it 
does not do so ; biit as pollen can fall in the short-styled 
form, in this species that form is thoa the most fertile (see 
above, p. 205). 

Secondly, when these plants are artificially and legiti- 
mately fertilised, and not left to the chance visits of 
oapiicious insects, then the results are as they should be ; 
but if self -fertilisation be artificially and repeatedly practised, 
then nature responds to the act ; the anthers and pollen may 
in part degenerate, but what ia left goad is ample to secure 
abundant seed, and the self- fertilised form surpasses even the 

* Darwin fouDcl that, in the absenco of insects, the lang-^jlo^ form 
of P- SiiienHa waa twenty -fbui times as produotiro &s the sbort-styled. 



HETEROSTYLISM. 215 

legitimafely fertilised heteromorphic nniona in fertility. 
Thus, Mr, Darwin observes, "The self-fertility of Primula 
vsris increased after several generations of illegitimate fertili- 
sation, which ia a process closely analogons to self-fertiliaa- 

Lastly, if homomorphic forms occnr spontaneonsly, as is 
often the caae with species of Primula, Mr. Darwin has 
shown they are not only " capable of spontancons legitimate 
fertilisation, bnt.are rather more prodnctivo than ordinary 
flowers legitimately fertilised." f 

It was Mr. Scott who saggeated that the eqnal-styled 
Tariefcies arose through reversion to a former homostyled 
condition of the genua. Mr. Darwin supported this view in 
consequence of observing " the remarkable fidelity with which 
the eqnal-atyled variation is transmitted after it baa once 
appeared." I 

• Croat and Self FartiUsaHoa, p. 351. 

+ Firms of Flowers, p. 273; and Croas and Self Ferlilisation, p. 352. 

* Forms, etc., p. 274 ; Mr. Darwin was so prnfonndl^ impressed nith 
the BDppoBed advantages of intercrossing, that ho again and again 
aseerta most poaitivolj that self-fertilisation ia injariouB, often in 
diametrical opposition to hia ovra atatemeots and eiperimenta. Thus, 
while speaking of heteroatyled triniorphic plants, he says, " As I have 
elsewhere sliovrn {The Effects of Cross, etc.), moat plants, when fertilised 
with their own polien, or that from the aanie plant, are in somo degroa 
sterile, and the seedlings raised from anch onionH are likewise in soma 
deRTee sterile, dwarfed, and feeble." Tet, in the work quoted, he has 
not only shown that, when he persevered with self-fertiliaation for several 
generationa, ho fonndit waa jast the reverse; ase.if.with "Hero" JpoiiKBH, 
the white JHimiiJus, eto., and with Primula, aa stated above i bnt he 
mora than oneo drawa an opposite conclusion, as when speaking of self- 
fertile varieties (I.e., p. 352): "It is difficnlt to avoid the SQspiaion 
that self-fertilisation is in some TespectsBdvantogeona. . . . Should this 
Bospicion ha hereafter verified, it wonld throw light on the existence [of 
cleiitogamy]." It is this " snapioion " which I have completely veri. 
fied ; and, indeed, any idea of " injnrioasneas " is refuted by the majority 
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Besides the more obYious differences in the relative 
k-ngtha of the stylos and filaments* of heterostyled flowers, 
the rule is for the stigmas of the long-styled to be larger or 
longer than those of the short-stylodit and to have their J 
papillfB longer and broader, 

Thna in the nine species of Primula described by 1 
Darwin, in two only were the stigmas nearly alike in both. 
Of three species of Linum, L. fiavam alone had an appre- 
ciable difference in the stigmas. In Puhnonaria officinalis 
and PolT/gonttm fagopyrum, Forsythia suspeiisa and ^gvphila 
elata, it was not, or scarcely appreciable. 

Again, besides those mentioned there were twenty species 
in which the stigmas of the long-stylfd were markedly 
superior to those of the ahort-styled ■ 

o( plaotB in a wild state bsing constantly Beir-fertilised, aa MuUe^W 
and, indeed, Mr. Darwin himself Las ebowa to be the case. Tlma, ' 
he gi»as two lists, of fortj-nine specieB in each, {Grass and Self S'ert., 
eto.,pp.357and365),onBDfBelf-Hterile, the other of self-fertile plants, acd 
odds, " I do not, however, believe that if all known plants were tried in 
the same maimer, iutlf wonid be found Co be sterile within the specified 
limits; tot many flowers were BBlected for eiperiment which presented 
some remarkable struotnre \ atid snch flowors often reqnire insect aid " 
{(.c, p. 270). The proportion of self.stBrile plants is, iu fact, extremely 
small. Miiller remarks, e.g., of the highly differentiated order Scrophv^ 
larinta, that " in defanlt of inseot-Tisiturs, self-fertllisatiou takes plaioe 
in moat foi'ma ; and in only a, law are insect- visits, and oouseqnently 
oroas- fertilisation, so far insured that aolf-fertilisatioii is never required 
and has become impossible." Similarly of Labiala he says, " Self- 
fertilisatioD seems to be rendered impossible only in the species of 
Ifepeta, Tht/rnvs, lUeiitha, and Salvia described " (FerlUisatioyt, etc., pp. 
464 and 503). Uoreover, while Mr. Darwin inctades the Fox-j 
. Linaria vulgaris among bis sterile plants, Miiller oonsiderB t 



captions o 



•, thos Cordia and Linum grandifioruia have litH^J 



e in the length of the I 
+ Leucosmia Bumettiana is remarkable for having the stigma of ti 
short-fltjled form the more papillose {Forms of Flowers, p. 114). 
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On the other hand, the anthers of the short-stjled are 
usually longer and contain larger pollon grains than those 
of the long-atfled, the pollen of wliich is also often more 
translucent and. Bmoother. 

Of ail the gpeciea included in the ahove- mentioned thirty- 
six species, only fi^e seem to have the pollen of both forms 
of the same size, and two in which it was reversed. The 
five species ai* Leucosmia Bumettiana, Linum. grandiflorum, 
Oordia, Qilia pulclieUa, and Ooccocypselum. The two in which 
the pollen grains of the long-styled form vfere the larger, 
were Gilia imeranlhct and Phlox snbulata. 

The presence of cases where the nsua! differences aro nob 
prononnced is jnst what one expects to find, in accordance 
with the laws of differentiation ; whereby intermediate 
conditions are to be looked for. Tims some species of 
Frimiila afford great differences in the shapes of the stigmas, 
P. veris being globalar in the long-styled, and depressed 
in the short-styled ; while in F, Sinensis it is elongated: 
bnt in other species, as P. Sikkimen^is and P. farinosa, there 
is bnt little difference between the stigmas of the two forma. 
In some cases the differeneea reside entirely in the stamens or 
pollen grains, as in Forsyth'ta suspensa, in which, although 
(contrary to the rule) the anthers of the long-styled are in 
length as 100:8? compared with the short-styled, yet the 
pollen grains are as 9-i : 100, which agrees with the rule. 
WithLiMMm grandiflorum, and Cordia and Oilia pulchella, etc., 
the difference lies in the pistil. On the other hand, the 
difference may reside in the stamens, as in ^gipkila elata, 
the pollen grains being as 63 : 100, i.e. in the long-stjied aa 
compared with the short-styled, 

^gipliila obdurata has the stigmas ai the long-styled 
in length 100; 55 as compared with the short-styled; and 
the length of the anthers as 44< : 100. This is, therefore, 
SI 
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apparently tmly heterostyled, bat from Mr. Darwin's obser- 
■vationa lie thinks the ehort-etjled incapable of fertilisation ; 
moreover the anthers of the lotig-styled form were " brown, 
tough, and devoid of pollen." He considers that, from having 
been heterostyled, it has now become dicecions, or else gyno- 
dicecioua. 

M. W. Burck has shown * that Bcvei-al genera of i 
Ruhiaceas are beterostjled in form but quite dicecions. I 

Faramea affords another curious difference. In the long- 1 
styled form the stigma is short and broad ; in the ahort- 
Btyled, it is long, thin, and cnrlcd. The anthers of the 
ahort-atyled are a little larger than those of the long-styled, 
and the size of thtir pollen grains are as 100 : 67. But the most 
remarkable difference (of which no other instance ia known) 
is in the fact that while the pollen grains of the ahort-styled 
forms are covered with eharp points, the smaller ones are 



qnite smooth. The anthers, 
the shoi't-Btyled, but do not do b' 
A similar rotation takes place ir 
facilitates intercrossing. A so 
occurs in some styles and stigmas, 
Lusula arvensis. Begonia, etc. 

The smaller and smooth pollen, ii 
condition of the long-styled for 
of that of wind-fertilised flowers, which has sometim 
acquired the same form. Indeed, the two forms of pollen 
(figured by Mr. Darwin at p. 129 of Forms of Flou-ers) exactly 
correspond to the very conimon epinescent form in inter- 
crossing species of Compositte, and to that of the anemophiloua 
Artemisia of the same order, respectively. 

The general conclusion, therefore, derived from tlie com- 



, rotate outwards in 
a the long-atyled flowers, 
ime of the Cruciferm, and 
what analogous torsion 

. of Linum peremie, 

the more degenerate 
suggestive of the origin 



• But V Organisation Florale cha ; 
Bot. Boitenzoi^ 3, p. 105. 



'elquea RKhiades. Ann. Jard. 
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parison of these minnte details, is that the long-styled form 
of flower represents a more fully developed pistil, and 
therefore a more female condition ; while the short-stjled is 
more male : and, as we have seen above, this is borne out by 
the comparison of the offspring ; and, lastly, by the probable 
dioecious condition of ^giphila ohdurata, as well as by the 
actual dioecism of some species of Musscenda and Morinda 
umhellata; while Musscenda cylindrocarpa and certain other 
species of Morinda are hermaphrodite without heterostylism 
(Burck, I.e.). 
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Gynodkecism and Gykomon<ecism.*— In accounting for the 
origin of certain floral structures, it must be borne in mind 
that the habits and constitution a of plants are bo infinitely 
various, that the interpretation given for that o£ a structnro 
in one case may fail to be satisfactory when tested by 
another ; and an argument appai^eiitly sound for the expla- 
nation of a special phenomenon in a particular plant or 
plants may not at ail apply to that of others. Thus, while 
the Hazel may mature its stamens before the pistils on a 
slight rise of temperature in early spring, there are many 
herba, if they happen to blossom iu spring earlier than is 
their custom, in summer, or what may be their oplimutn 
period, may have the staminal whorl more or less deranged, 
as such plants require a relatively higher temperature to 
develop them perfectly. f This is particularly characteristio 
of gynodiceciouB plants. Thus, e.g., most of the distinctly 
protandrouE species of the Alsinea are in this condition, and 

* Gynodiadsin signifies that the BBme apecies raaj liave bath fsmmle J 
and hermapLrodile plajita. 

Oynominiiecisra eigaifies that the same plant maj bear both f flmalt 1 
and hermaphrodite floHerB. 

f Thia will be discDSBed moro fullj In the next chapter. 
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the plants with small, usually pistillate flowers are chiefly I 
in blossom at the beginning of the flowering period of the 1 
lai-gei'-flowered hermaphrodite plants of this section of the 
Caryaphyllem. Similariy, Caffea arahtca produces small pis- 
tillate flowers in Guatemala at the beginnmg of the season. • 
It is the same with. Geranium maerorhizon aad many speciei 
of Felargonium, etc. f 

Gynoditacism also prevails in tbe Lahiatte, but both female j 
and hermaphrodite plants for the most part blossom simul- 
taneously in summer. It may be noticed that the corolla is J 



1 female flowers, whether 
a Bryony, or gynodiosciouB 
inter dependen 



almost invariably reduced in 
the species be Btrittly dio 
as Thyme, showing the close i 
corolla and Btaracns. J 

That climatal conditions aro likewise connected with, 
the GynodiiBciam of the Labiatm seems probable from the 
behaviour of Thymus Serpylluw. ; for Delpino found that it ' 
was trimorphic in the warmer region of Florence, having 
flowers with greatly developed stamens and the pistil ia 
every stage of abortion or even absent (see Chapter XXV,) ; 
other flowers showed the esact converse i and, lastly, others 
were hermaphrodite. Muller, however, on the other hand, in 
Westphalia and Thuringia ; Aacheraon, in Brandenburg; 
Hildebi-and, in the Rhino provinces; and Mr. Darwin, in 
England, never met with the purely male form ; though 
Dr. Ogle found some with the pistil permanently immatnre-S 
Similarly, Eriophorum anguslifolium ia gjnodicecioua in 
Scotland and the Arctic regions. |] 

Besides temperature, the character of the soil has most 
probably much effect in bringing about this kind of partial 



• Mailer, FertUiiatim 
t Boo Formg of Floinet 
g MQUer, I.e., p. 474. 






p. 307-309. 



+ L.C., p. 158. 
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diclinisoi. Mr. Darwin thought " a very drj station 
apparently faronra the presence of the female form," • i.e. 
a lessened vegetative vigour tends to cheok the development 
of the corolla and ataraen'* especially if a low temperature 
accompanies it , "|ust aa, coDvereely, we have seen how a 
high temperatuie enhances it Mr. Hart thus found that, 
with N'epela Glerhoma, all the plants which he examined neap 
Kilkenny were females; while all near Bath were hermaph- 
rodites, and near Hertford both forma were present, but 
with a preponderance of hermaphrodites.-!- 

Both Miiller and Mr. Darwin offer theories to account for 
the origin of theae gynodioecions plants. 

Muiler, after quoting Hildebrand's view, which he rejecti 
8ays,§ " Of the flowers of the same species gi-owing together, 
the most conspicuous are fii-st visited by insects, and if the 
flowers on some plants are smaller than on others, perhaps 
owing to scanty nourishment, they will generally be visited 
last. If the plant is so much visited by insects that cross- 
fertilisation is folly insured by means of protandrous dicho- 
gamy, and self-fertilisation is thus rendered quite needless, 
then the stamens of the last-visited small-flowered plants 
are useless, and Natural Selection will tend to make them 
disappear, becaase tlie \oss of useless organs is manifestly 
advantageous for every organism. 

" This explanation rests upon the hypotheses, (1) that 
the flowers of those species in which small-flowered female 
plants occur together with large-flowei-ed hermaphrodite 
plants are plentifully visited by insects and are markedly 

" Forma ofFloicers, p, 301 
t Nature, 1873, p. 103; una see below, p. 239. 
X FertilUation, etc., p, 473. 

§ L.c, p. 484. Compara liis remarks on Scahiosa arvensis, I.C., pp. 
310, 311. 
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protandrons ; (2) that variation in eize of the flowers has 
always taken place, not among the flowers on a single plant, 
bat between the fluwers on different individuals.'' 

Mr. Darwin sap^geats another view : • " As the production 
of a, large supply of seeds evidently ia of high importance 
to many plants, and . . . the females produce many more 
Hccda than the hermaphrodites, increased fertility seems to 
me the mere probable cause of the formation and separation 
of the two forma." 

" S, II.,'' reviewing Mr. Darwin's work in the Journal of 
Botany, 1877, p. 375, "felt compelled to difEer from the 
author, and adds, "For ouraelves we cannot help thinking 
that gynodicecism can be better explained on the view of a 
sufficiency of pollen for the fertilisation of all the individuah 
of a species being produced by only a few of the flowers, 
so that instead of some o£ the anthers of all the flowers 
becoming abortive — a very common occurrence — we see here 
abortion of all the anthers of soma of the flowers. . . . AH 
known instances of gynodioscism relate to species which 
have the maximum. oE stamens possessed by the orders to 
which they relatively belong, and are without any complex 
entomopliiloiia structure. . . . We may also remark on the 
pauciovulate condition of gynoditecions species, and ask why 
do we not see this form of sexual separation iu multiovalate 

In reply to this writer's anggestiona, I would remart 
that in all entomophilons flowers far too much pollen is 
produced and wasted; that Mr. Darwiu'a observation, that 
a bee could fertilise ten pistils with pollen fi-om one flower 
of Satureia, might readily apply to hundreds of cases wboro 
no gynodicecisni exists; and as long aa insecta visit flowers 
the tendency is not to contabeacence and abortion of the 
• fovnvs o/ Floieers, p. 30i. 
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antliera, bat to hi 
quantity of polle 
ditscism h&ve tbi 



rlier differentiation a and an increase ii 
1. Secondly, tbat tbe orders, with gyno-'B 
maximum of etaniens, is not universallyj 
having only seven out of tea. Af^in 
LabiatiE are especially characterized by " entomophiioua 
atrnctures." Lastly, the order Caryopkijllece ia multiovalate, 

In the first two interpretatioQS, those of Muller and J 
Darwin, Muller aaggeata Bcanty nourishment at 
the diminished size of the female flowers, which might apply J 
to any or every protandroiis plant and bo give rise to gyno- i 
dicecism ; for if it be a sufficient cauae in one family, why has \ 
it not brought it about in all ? This cause aloi 
touch the question. Why is gynodicecism peculiarly c 
in the AhinecB of the Caryopkylleie and in Lahiatts ? Mr. 
Darwin thinks that an increased fertility of the female may 
be the cauae ; but ho seems to forget that no flower of the 
LdbiatcB can bear more than four seeds, so that, supposing a 
female plant to have the same number of Bowers aa a her, 
inaphrodite, if it bears more seeds it must be doe to the 
decrease in fertility oi the latter, and not to any increase in the 
former. * It is, in fact, a very common oceuiTence for a flower 
of any member of the Labiatce to bear one, two, or three only, 
as well as four nutlets in an individual fruit. Mr. Darwin 
" doubts much whether natural selection has come into play," 
and notices that " the abortion of the stamens ought in the 
females to have added, through the law of compensation, to 
the size of the corolla," as is the case in the ray florets of ■] 
the gynoraoncecioua Composit(e. He, however, recognizi 

• In his esperimpTit with Sniureia hnrtenaia, Mr. Darwin collected J 
seeds from the EncBt of ten female plants, and they weighed 71 
while those from the single hermaphrodite, wliich was a, rather largor J 
plant than the female, weighed only 33'2 graioa ; that iB, in the ratio of 1 
100 to 43 (form* qf Flowera.p. 303). 
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intimate connection between the coralla and andrceciura, and 
thinka that "the decreased size of the female coroUaB is due 
to a tendency to abortion spreading from the stamens to the 
petals." 

In noting all the plants mentioned by Miiller and Mr. 
Darwin as gynodicecioua, there are besides the two 'well* 
marked groups already mentioned, viz., Alsine<B and Labiatie, 
the following isolated genera or species, Pelargonium, Qera- 
tiium macrorhizon, Sherardia arveiisis, Valeriana montana, 
Bmiiosa, Cnicita, Echiam vulgare and Plantago; to the 
Compositm, I can add Achillcea ■millefolium.; and I think 
also Vines may be included in the list. 

The first and important point to note about the flowering 
of the Alainem is that the fema,le flowers are the first to Ojten, 
at the beginning of the season.' It ia the same with Geranium 
macrohizon. Pelargonium, and Coffee in Guatemala. Now, 
we have already seen how sensitive the andrcecium and the 
corolla are to alow temperature, so that we have here a direct 
cause which will account for the check upon the growth and 
development of these two whorls. Applying this principle 
to the Labiat(E, we must remember that as a group they are 
correlated to a warmer climate, their "Lome" being the 
Mediterranean and even warmer regions ; hence I assume 
their greater hereditary sensitiveness to a low temperatare 
in those descendants which occupy a cooler temperate zone. 
This may, I think, account for the predominance of purely 
female foi-ms, as well aa the presence of stamens in every 
degree of degeneracy. 

How far the same principle will apply to the other 
g-ynodiootious genera and species, I will not pretend to 
offer an opinion, aa not enough is yet known about them ; 

• See HilJebrand'a obaervation, p. 234, and Seiualiti and TEMfBiiA- 
ruEE, p. 237. 



4 



226 THE STRUCTURE OF FLOWERS. 

only we mnst always remember tbat there may be a. Tariety 
of cnnses whick may equally well bring about tbe 8am.e 
re salt. 

It may be also borne in mind here that another resnit 
of low temperature is, while retaining the function of the 
andreeciura, to arrest the expansion of the corolla and to 
render the Bowers self-fertilising. This is peculiarly the 
case with the Alsineee ; while Lainium, amplexicaule fails to 
open its earliest smali-flowercd flowers at all, being strictly 



The preceding cases of gynodioecism are all associated 
with a more or less degree of protandry. It is rarer to find 
it accompanted with protogyny in the hermaphrodite form. 
Miiller records it in Plantaijo lanceolala in England, which I 
can corroborate, and in P. Tuedia in Germany. These plants 
are anemopbilous, and in a state of passage from an ento- 
mophilons ancestry ; su that it may have been retained from 
an early condition. 

GynomoncBcism in not particnlarly common, except in the 
Compoeitcp, where the ray florets are often female, while 
the disk florets are hermaphrodite. This is dae to com- 
pensation ; for transitional states may bo seen in flowera 
which are passing into the " donble " condition ; for as the 
corolla changes its form and becomes lignlate, the stamens 
are suppressed, and the style arms alter their shape. 
Anemone hepatica is said to be gynomoncecious,* and also 
Syringa Persica.^ I have seen no case, and no description is 
given of these two, bo that I can only suggest that it may 
be a result from degeneracy, perhaps on the road to a 
petaloid condition of the stamens. Such a state T have 
found in a Flantago which was gynodicecions. 

15, p. 409. 
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Ahdrodkecism and AsDHOiiosfficiSM.' — Thcso conditions 
do nnt appear to prevail to the same extent as the female 
forma of flowers. Both of tlieBS kinds are not at all nn- 
common in the UmhelUferce, and are a resnlt of exlianstion, 
for the umbels produced at the end of the season are oflen 
entirely male ; or, if at other periods, it is generally tlie 
centra] floi-ets which develop no pistils, as in Aslrantia minor. 
Uiiller has noticed bow " the weaker plants uBualty bear but 
une umbel consisting only of male flowers." This would 
make.it androdicecious. I find that andromoncecism prevails 
in Astranlia major, Carum, Smymimn, and in Trinia vulgaris. 
Thia last, growing on the Clifton downs, bore umbels which 
were altogether male, after the hermaphrodite ones had 
formed their fruit. Eaucua grandiflora is vemarkiible for 
having three kinds of flowers. According to Miiller, the 
central ones are male; st the edge of the umbellulo the 
flowers are neuter, with the onterraost petal greatly enlarged; 
lastly, at the mai^Jn of the whole nmbe!, are female florets 
in which the outer petals attain to a gigantic size-t 

* Androiliansoi signiSoB that the BBtne speoica hex both msla and 
liermaphrodite planta. 

AndromoniEcism sigaiGeB that the Bame platit beara both male and 
hermaphrodite flowers. 

t I would here remind the reader tbat the interprelation giTsn 
above (Chaptara XI.-XIII.) of the origin of irregular corollas, applies 
equally well to those casea where it is uulf in the outeritiost florets of a 
cluster where tbe polala are enlarged, as in Iberia, many of the Com- 
jKwito, and VmheUife\-a, as wall as in Hydrangea, Guelder Rohb, eto. In 
all theBB, when inaeota first approach the umbel and alight on the border 
of it, any or each individnal floret on the margiu may hava to carry the 
burden. Aa aoou, however, aa the insect paasee the edg^ of the cluster, 
ita weight ia distributed over several florets ; bo that they are not auU- 
mitted to any special atraina opon one, i.e. the outer aide only. The 
same remarks apply to 3fEii(Ao, aa compared with Larnium. The insect 
visits one flower at a time in the latter, but scrambles over several in 
the former, which has {preHumablj) degraded in conBequonoo. 
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CaXtha palustrie is said to be androdicecions, but no 
details are giveo by the observer.* 

Beaidea the Unibelii/erce,^ where andromonoBcism eeeinfl 
to be ft characteristic leatmre, Miiller mentions Asperula 
taurina and Oalium Craeiafa, Fulmonaria afficinalii, Goriaria 
myrHfolia,&nd Diospyrus Ftrjintaiia as being andromoncecioiiB. 
The hermaphrodite flowers of these species are pratandrona. 

In Galium Cniciata, Mr. Darwio noticed that the pistil is 
suppressed in most oE the lower flowers, the upper remainiug 
hortnaphrodite. 

Heterostylism may tend to produce the same result when 
the stamens of the loiig-styled foniis degenerate so far as to 
become atrophied withont the pistil losing its functions. 
P ulrnonaria angiistifolia and Phlox subulala give hints of this 
condition. J Asperula scoparia was at first thought by Mr. 
Darwin to be Leterostyled, but finding the anthers to he des- 
titute of pollen, he considered it to be dicecious. A. taurina,, as 
figured by Mii]lei',§ shows great variability in the lengths of 
the filaments and styles, and he pronounces it to be andro- 
moncecious. Hence, as so many of the Euhiacete are hetei-o- 
styled, there seems every probability of one result of this 
peculiarity, being one or other kind of this incompletely 
affected or partial dicliniam. In the case of Coriaria myrti- 
folia,, Hildebrand found that it was the first flowers which 
were male only. In Maples, as in Galium Cruciaia, the rule is 
for the three or m.ore flowered corymb to have the oentral 
one hermaphrodite, and the lower or outer ones male. This 



• Lecoq, Geig. Bot., torn, it., p 

t Mailer bajh that in SaTttcula 
md develop after the inner onoa, 
inomaloaB, tlutt one suspects an ei 
sppartaoit; oF examiniQg fresh flowers. 

t Forms of Flowers, p. 287. 

5 Feiiiliaaticm, etc., p. 303. 
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clearly is a question of the distribution of nutrition; tlie 
lower, being the later ones to expand, are the weaker.* 
Miiller mentions Horse-chestnuts as being also andro- 
monoecious ; and what is exceptional is that the hermaphro- 
dite flowers are protogynous. This, however, may be due 
to the eariy period of flowering, like species of Prunus and 
Cratcegus, 

The reader will now perceive that there may be several 
causes at work to produce these kinds of " partial diclinism ; " 
and that what is required is to ascertain, if possible, by 
observation and experiment, which is the one peculiar to 
each species. Secondly, when any one or more causes has 
been suflBciently persistent, the results become hereditary ; 
so that certain species, genera, and orders become more or 
less characterized by these peculiar features. 

* Compare the observations on Adoxa, p. 188. 



22 



THE STRUCTURE OP FLOWERS. 



CHAPTER XXy. 

SEXUALITY AND THE EKTIRONMEMI. 

GoSHAi, Observations. — As the environmeiit iB now knowi» i 
to have most potent infloeiices on the unatomical Htmctnre 
of the vegetative eystem of plants, thereby affecting their 
outward and visible morphological characters as well ; ao are 
there many cansos wliich affect the reprodnctive Ryatem, at 
one time inffiieuciag the audrceciaiii, at another the gjnoe* 
ciuia, favouring them or the I'everse as the case may be ; so 
that either sex or even both may be entirely suppresaed, and 
a hermaphrodite flower become male, female, or neuter. 

With regard to the most general agency, there seem 
be a tolerably nnlform consensus of opinion that the female I 
Bex in plants ia correlated with a relatively stronger vital 1 
vigour than the male; and this ia just what an d pnori 
assumption would look for, as the duration of existence and 
the work to be done in making frait require a greater'] 
expenditure of energy than the temporary function of t 
Btamens. 

We must, however, distinguish between a healthy tt'fal 
vigour, and any excessive vegetative growth, as occurs under 
high cultivation, and as is often the result of intercroesing, 
If this latter surpass the requisite or optimum conditions for 
the healthy performance of the fanctions of all the oi^;an8 i 
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of g, plant, then either of the sexual organs mav begin 
to deterioriate, till thej become metamorphosed into petals 
or leaves, or else degenerate and vanish. 

It ia true enongh that we know nothing of the real oatnre 
of life ; but it is easy to Bee that, of t!ie various phases of 
development, from, germination to the production of seed, 
each should have the proper amonat of energy at its disposal, 
and no more ; for if any one organ be stimulated beyond the 
optimnm degree, others suffer through atfophy. The first 
and well-known distinction to be noticed lies, of course, 
between the " vegetative energy," by means of which 
roots, stems, branches, and foliage are developed, and the 
"reproductive energy," which brings about the formation oE 
flowers, fruit, and seed. If either of these be unduly excited, 
the other diminishea. Thus, as long as fruit trees are 
developing much wood and foliage, they either bear fruit 
badly or not at al!. Plants which afe propagated largely 
by vegetative means of multipHuatiou, such as bulbs, eorms, 
tubers, etc, are notorious for failing to set Bcod as well. As 
an instance in nature, Ranunailtis Ficaria may be mentioned. 
This plant propagates itself by " root-tubers " and by aerial 
corraa, and rarely produces much fruit, for the pollen often 
remains in an arrested state." Conversely, if vegetative 
energy he checked by root and branch pruning, bark-ringing, 
etc., the i-eproductive energy is promoted, and an abundance 
of fruit is the reward. Similar resalta follow a decrease of 
energy through impoverishment, when enormona crops of 
frnit may be borne by trees, as I have seen in Portugal 
Laurels, when the roots had penetrated a bed of gravel and 
the branches became decayed. 

Apart from these general considerations certain special 

conditions are found to favour one ses more than the other, 

' See Taa TieEThem on E. Ficaria, Ann. dee Set. Nat., v., tix. 6, p. 88. 
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flo tliat normally berm aphrodite flowers may become nni- 
eexual, and every possible iJegree between tbeae two extreme 
cases can be met with in nature anJ cultivation. Tbe 
problem, therefore, is to discover what tLe immediate cauaea 
may be in each case which stimulate or suppress the energy 
required for the proper development oE the stamens and 
pistil respectively. 

There appears to be a closer bond between the stamens 
and corolla than between the two tinds o£ essential organs 
themselves ; ' thus, if the corolla degenerate, the antipetalons 
stamens at least tend to follow suit, as in the Alsinece. On the 1 
other hand, the first tendency towards "doubling" appears I 
in a more or lesa pronounced petalody of the androecinm. 

As petals are a neai-ei' approximation to foHar organs, 
the above means that vegetative energy is mote prone 
affect the stamens, when from some canae they have first ] 
begnn to lose their proper function, than the pistil. 

Tbe pistil may fail in its development from two cjas 
of canses : either from an undue display of the vegetative 
vigour, as in completely double flowers — though it may be 
unaffected in a partially double one ; or else from excess 
feebleness, under which a flower may succeed in making the 
andrcecium, but has not sufficient energy to develop tba , 
gynoecium ; as, e.g., often takes place in the flowers of the | 
JJ'mhelliJer(B at the close of the season. 

There is no absolute rule in these matters, and differences | 
result from various degrees of energy at the disposal of the \ 

• A study of the vaaonlor syatein of flowersnnd their aiesbeara this 
out, aa the proyision made for the Htamena UEnBlly arises from 
periBntbial cords, while that fnr tbe piati] is mostly isolated oS in ratliei 
a more marked and independent manner. Kiceptiona ocour, aa 
Balloia nigra, in which the four stameos originate from the same corda 
im those of the plaoentas. 



SEXUALITY AND THE ENVIRONMENT. 233 

wliorla, giving rise to corresponding results of different 
degrees of development in the respective seiee. 

The points to be clearly perceived are that a plant Ehoald 
be able to develop all its organs in perfection ; that there is 
an optimum de^rae of energy for each ; and that, though it 
is cnstomary to gronp these energies under the two expres- 
sions, vegetative and i-eproductive, yet the piinciple may be 
carried ont in detail ; so that, e.g., an enlarged corolla tends 
to destroy the stamens, as of the ray florets of Dahlia, or even 
the pistil too, if it be very large, as in Centaurea. A stiinn- 
lated andnBciam brings about an arrest in the pistil, and 
canses protondry ; and if the perianth be highly developed, 
as in orchids, the enhancement of the former may canse 
degeneracy in the ovnles. 

Sexdamtt and Nutrition, — Assuming, for the present, that 
the ancestral condition of all flowers, excepting, perhaps, those 
of the Gymnospertus, was hermaphrodite, many instaneea 
exist of the same species having male, female, and herma- 
phrodite flowers, Buoh as the Ash, Silene inflata, etc., where 
the aborted organs often remain more or less rudimentary. 
It cannot be pretended as yet that the canae or causes can 
be at all positively asserted, in each case, for the tendency 
to abortion either iu the stamens or pistil ; but there are 
certain welt -ascertained facta which can undoubtedly play a 
part in the processes of degeneration or exaltation of the 
staminal and carpetlary energies respectively. If tbey be 
Bafficiently persistent the subsequent generations can, then, 
become completely dicliuona, without a trace of the other 
sex remaining ; yet, as is well-known, any dicIinooB plant 
may reproduce by reversion the lost ses, thereby revealing 
its original hermaphroditism. 

In endeayonring to trace the present condition of 
diclinous flowers back to an ancestral hermaphrodite condi- 
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tion, it trill be as well to conBider certain BigniGcant facts 
wtiicli may help as in ascertaining tlie cause of their present 
diclinism. 

" Hildebrand has shown," writea Mr. Darwin, " that with 
heiinaphrodite plants which are strongly piotacdrons the 
staniens in the flowers which open first sonietiines abort. . . . 
Conversely the piatila in the flowers which open last Bometimes 
abort," Similarly Gartner observed that "if the Rntfiers on a 
plant are contabescent (and when this occurs it is always 
at a very early period of growth) the female organs are 
sometimes precociously developed." * 

A reason for this ia that, on the one hand, since a higher 
temperaturi) is correlated with protandry, the first flowers open 
when the ojitinium temperatnrG has not arisen; so that the 
stamens are checked, a cooler temperature being less inimical 
to the development of the gyncecium. On the other hand, 
the last flowers of the season are produced when the vital 
energy is waning, and although the Sowers may expand, they 
are too feeble to develop the pistil. 

Now exactly the ccnverse may occur; thus Mr. W. G. 
Smith called attention + to the seemingly unobserved fact 
that Euphorbia amygdaloides always hilars terminal male 
flowers alone at first, and subsequently the two sexes together 
ou lower lateral "flowers." This agrees with Castanea 
a noticed by !Ii[r. Meehan. In these two cases. 
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therefore, we liave instances of the plants flowering and 
bearing male organs only before the highest effort of vital 
energy is displayed — the preliminary and feebler effort being 
capable of developing the andi-cecinm alone. 

With regard to diclinous trees, many examples could be 
fonnd to illustrate tbe principle that the female Bowers are 
normally piwduced by stronger shoots than the male. Mr. 
Meehau has particularly called attention to this fact. For 
instance, " Jiiglans nigra* exhibits three grades of growing 
bads. The largest make the most vigoroas shoots. These 
seem to be wholly devoted to the increase of the woody 
system of the tree. Lower down, the strong last year's 
shoots ariBe from buda not quite so large. These make 
shoots less vigorous than the other class, and bear the female 
flowers on their apices. Below these are namerons email 
weak bads, which either do not pnsh into growth at all, or 
when tiiey do, bear simply the male catkins." 

Again, iJastanea Amenaana bears two crops of male flowers, 
the first of which disarticulate and are nseleas ; the second 
appear abont ten days later, accompanied by clusters of 
females. Occasionally a tree will be entirely female. 

Mr. Meehan also calls attention to the fact that isolated 
trees of Birch, though producing an abundance of male and 
female flowers, very often Lave not a perfect seed. Hazels 
are sometimes protogynoas, sometimes protandrons ; and if 
the latter condition prevail, there may be little or no frait, 
aa often occurs in Pennsyh-ania. After making analogoos 
observations on American Maples, he summarizes his remarks 
on the latter as follows ;— 

" Male flowers do not appear on a female Maple-tree till 
some of its vital power has been exhausted. 

• Laws tf Set in. J. IVyra, Froc. Acad. N. Soi. of Phil.. 1873, 
p. 290. 
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"Branch-buds bearing femalo flowers have vital power 
sufficient to develop into branches. 

"Branch-buda bearing male flowers have not vital powi 
enough to develop into branches, but remain as spurs, wbioh 
ever after produce male flowers only, 

"Buds producing male flowera onlj-, are more excited by ' 
& slight rise ot temperature than females, and expand at e 
low temperature under which the females remain quiescent " 
[i.e. when, the winter temperature begins to give way to the 
rise in. early spiing, the males are more easily excited into 
maturity]. • 

As another authority, I would refer to a paper by Mr, I 
Moore, upon the appearance of male flowers on female trees, 
such as the Papaw, etc. He alludes to Dr. "Wight's views, 
in that he attributes these changes "to the modifying power 
of the soil and climate acting on the dormant energies of the 
mdimentary ovai-ies and developing them into prolific frnit, 
but at the cost of the male organs " In another case of the 
Papaw one fertile flower waa produced, and that the first 
which expanded, others being all male " It wonld seem 
that fertile flowers in these instances hove only been de- 
veloped when the greatest vital energy is present in the 
plant, which is the case when they first begin to expand. 
Other instances," Mr. Moore adds, " might be quoted to show 
that vigoar and healthiness increase the female line of vital 
force in vegetables, whilst weakness is more conducive to _ 
the male development." 

This view was corroborated by a case of a young plantJ 
of Nepenthes di^tillatoria, raised from seed. M 
describes and figures it in the same paper, The lowermoj 
flowers of the raceme bore both stamens and pistil, 

the Sexes of Fioiters, Proc. Acftd. N»t. 1 
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carpels of which were somewhat diasociatecl. On the upper 
half they wei^ entirely male. He did not succeed in impreg- 
nating any of the numerona and well-formed ovules. He 
oh.serves : "This well-authentioated case also favours the 
theory that Tigoar in the plant ia prodactivD of the female 
line of vital force." * 

It is a common phenomenun for diclinous trees to change 
their sex in different places or seasons. Ashes and Maples, 
as well as Palms, have heen known to do this. The only in- 
terpretation being apparently tlie difference which occurs in 
the climatal conditions from year to year, or the modiiicationa 
of temperature, soil, etc., consequent on different environing 
circnmstances. 

Sesdalitt and Temperitdre. — Temperature has a marked 
influence on the sexes. Arelatively high temperature favours 
the corolla and androecium, while & comparatively lower 
one the gynascinm. A. Knight long ago found that Water- 
melons grown with a maximum of 110° by day, asnally 
varying from 90" to 105°, with a minimam of 70° at night, 
grew with luiuriance, but bore no fruit, though it had a 
profusion of minute male blossoms. This experience ia 
corroborated by present horticultunsts. He was not sur- 
prised, as he had for many years previously succeeded, by 
iong-oontinued low temperature, in making cucumber plants 
produce female flowers only. 

Mr. Meehan'a observations on the development of buds 
on certain trees appeared to corroboi-ate this view of 
Knight's. He remarks that, ia the year 1884, after a winter 
oE uniformly low temperature, the male and female flowers 
iii the nut appeared together ; but in other years it was 

• TTava, Irish Acad., ixly., -p. 629; see bIho a paper on " SeniBHty," 
by Dr. M. T. Masters, Pup. Set. Rev., lii., p. 363, 1873, and his Teratology, 
p. 190 ; also, Proc. Acad. Wot. Sci. of Phil., 1873, p. 2ttK 
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found that a few warm days in winter wonld advance the 
male flowers, so that they woald mature Boma weeks before 
the fenisle flowers opened. Heaco the latter were generally 
unfertilised.* 

That the stamens are mach more sensitive to and pre- 
cocioDS in their development tmder a rise of tem.peratnrB, is 
seen in the behaviour of plants in different countries. Thus 
it is asserted t that Slratiofea atoidea produces its carpels 
with greater abundance towards the northern limit of its 
geographical distribution, and its stamens, on the contrary, 
ai'e more frequently developed in more soutliorn districts. J 

These tendencies to check one or the other sex, may lead 
to moncBciouB diclinism; and even complete diceciam seems, 
at all events to some extent, due to climate, as diffei'ences 
occur in widely separated countries ; thus Honchenya peploidea 
ia frequently hermaphrodite in Amei-ica, but usually sub- 
dioecioua in England,§ 

Ml'. Darwin, in his esperiments, found that Mimulits 
luletts was very sterile in one year ; and he attributed the 
fact partly to the extreme heat of the season. {| ■ 

• Proc. Acad. Nat. Sci. of Phil., 188t, p. 116. 

t Teratology, p. 196. 

;t PerhnpB the propagation bj npofi^in; ot tbe f^malB pinnta of 
Chara crinila may he a reionrcB to irhicli thia plant has been driven in 
consequence of the toale plants not tliriving in a, coul repfion. Sachs 
iHfB that the fetnala Is found ttiroaghout the nhole uf t^orthirn Enrope, 
bat the mole is only known to occnr in Ti'ans^ Ivania, Sontb of France, 
and by the Caspian (Fhys. of Pianla, p 801) 

The idea ia sug^fSBted by this that when temperature arrests the 
male withoQt chocking the vegetative ayatcm a plant mav adopt 
TsgetativB methods of mnltipll cation. Thus, instead of regarding the 
" root-tnbera " and aerial corms of itanuncidus Fteana as the canse of 
the degeneraoy of the pollen in that plant, perhaps it wotild be mora 
.0 the process. 

S Tamfology, p. 196. || CrOiS and iielf Feri , eto., p 68. 
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Ml'. Darwin also records * how " a tendency to the 
separation of the sexes in the cnltiYated Strawbeny Beema 
to be much more strongly mftrked in the TTnited States than 
in Europe; and this appears to be the resnit of the direct 
action oE climate on the reproduetive organs." Qaoting 
from the Gardener's CliTonicle, t he adds, " Many of the 
varieties in the United States consist of three forms, namely, 
females, which produce a heavy crop of fruit, — of hermaphro- 
dites, which 'seldom prodece other than a Tery scanty crop 
of inferior and imperfect berries,' — and of males ■which pro- 
duce none. . . . The males bear large, the hermaphrodites 
mid-sized, and the females small 9ower3. The latter plants 
produce few runners, whilst the two other forms produce 
many; . . , we may therefore infer that much more vital 
force is expended in the production of ovules and fruit than 
in the production oE pollen." 

Conversely, as ruuners were more abundant with male 
and hermaphrodite plants, we see here an instance of vege- 
tative growth correlated with the male elements at the expense 
of the female. 

SEXOALrrr and the Soil, — Miillerhas given two instruc- 
tive cases where it is pretty certain that the soil was a chief 
cause of the separation of the sexes. ^ Diantkits deltoidet, 
near Lippstadt, offers interesting gradations from her- 
maphroditism to gynodiiKcism and gynomoncecism. " On 
the border of a meadow, of some hundred stems examined by 
myself, all the Bowers, witliont exception, proved to be pro- 
tandroua, with a normal development of tlie antliers and 
stigmas. On the grass-grovvn slope of a sandy hil! likewise, 
alt the stems produced protandrous flowers, but on many 
stems the stamens, although emerging abore the petals 

• Forms qf Kowers, p. 293. t 1B61, p. 716. 

X Nature, vol. xiii-., p. 532. 
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before tJie developraent of tho styles aud stigmas, Ijore 
dimiijiBheci whitiali anthers, not opening at all, and containing 
also some slu'ivoJled pollen-grains. Lastly, in a biiiTen sandy 
locality, many of the stems produced female flowers, with 
stamens aborted in the same degree as in D. superbvs, and 
not infrequently such female flowers and protandrona her- 
maphrodite ones are fonnd on the same stem." "Wiegman also 
found the BiantkuB had contabcscent stamens when growing 
ou a. dry and sterile bank. The conditions here mentioned 
are very like those more than once described as associated 
with double flowers, in which tho stamens have also de- 
generated but taken the petaloid form. Hence I think we 
may dii-ectly trace the degeneracy of the anthers and pollen 
to atrophy ; siucc chemical analyses of pollen prove that the 
most important constituents required are potash, nitrogen, 
and phosphorus pentoxide,* probably wanting in the localities 
mentioned. 

" Cenlatirea Jacea " Miiller describes f " as having its 
flower-heads of the same stem always of the same fonn, but 
different stems of the same locality often present astonishing 
differences in their flower- heads. 

" In the most common and apparently original form, the 
flower-heads consist of florets which are all of the same 
tubular shape, and all contain both fully developed anthers 
and stigma, the divergence of the outer floi-ets giving to the 
whole head a diameter of 20-30 mm. From this original 
foi'm variation has gone on in two opposite dii-ections, the 
final effects of this variation being, on the one side, very 
conspicuous anale flower-heada of 50-55 mm. diameter ; and 
on the other side less conspicuous female flower-heads of 

* From an analysis tX Ask bloBBoms, b; Professor Cbaroh, Jaamal 
of Botany, 1877, P- 361. 

+ Jfodire, vol. XXV., p. 2il. 
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30-35 mm. diameter. In both these extreme forms the enter 
row of florets poBBeaaes greatly enlarged i-adiating corollas 
which aro sesnally fnncfionleaa, but nsefnl in making the 
flower-masB more conspicnons. lu the male flower-heada, 
anthers and pistils of the diBk-florets ai-e well-dereloped, 
bnt the style- branches never open so aa to expose their 
atigmatic sarfaces, and in their baBftl portion are grown 
together. In the female flower-heads, on the contrary, only 
the pistil of the diak-Borets is fnlly developed, the anthers 
being pollenleas, ahrivelled, and brownish coloured 

"These two extreme forma are linked with the original 
one by a contiauous series of gradations When in the 
original form variation begins in one direction, the outer 
row of florets gradually becomes longer and more radiating, 
and in the same degree their sciual organs diminish in size 
and become functionleaa, the authera first aborting', and then 
the pistil. Finally, the barren ray-florets continuing to 
increase, the pistils of the disk-florets, too, become function- 
leas, and the conspicuous male flower-head is accomplished. 

"In the contrary variation some of the outer florets of 
the original form begin to diminisb in size, while their 
anthers become brownish and pollenlesa, and this change 
atep by step proceeds iowarda and seizes a greater and 
greater number of disk-florets, until the whole fiower-head 
ia female, and reduced to a diameter of 15-18 mm. This 
state being reached, the corollns of the marginal flowers 
recommence to increase and become radiating, while at 
the same time their anthers disappear withoat leaving any 
trace, and their a tyle- branches remain closed together." 

Calendula offidnalU furnishes another inatance of com- 
plete change of aex, most probably caused by varying con- 
ditions of nntrition supplied by the soil. In the normal 
"single" form the disk florets are male, but with club- 
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shaped stigmas. The two style arms, being fnsed together 
and strongly papillose, are only useful for tbmsting out the 
pollen from the anther cylinder. In " double " forms the 
coroUaa all become ligulate, the stamens disappear altogether, 
and the style arras of the piatila assume the normal form 
characteristic of the ray florets. They now sot seed, so that 
the entire capitnlum is female, and forms fruit" 

Polygamoas states ofti'u occur in trees growing apparently 
under the same conditions, and although we cannot doubt 
that they are dne to different degi'eea of nutrition, yet they 
cannot be readily correlated to visible differences in the 
enTivonment. Mr. Darwin thus describes the Ash : -f- "I 
examined fifteen trees growing in the same field ; of these, 
eight produced male flowers alone, and in the autumn not 
a single seed; four pi'oduced only female flowers, which set 
an abundance of seeds , three were hermaphrodites, and two 
of them prodnced nearly as many seeds aa the female trees, 
whilst the third prodnced none, so that it was in function 
a male. The separation of the sexes, however, is not com- 
plete in the Ash; for the female flowers include stamens, 
which drop off at an early period, and their anthers, which, 
never open or dehisce, generally contain pulpy matter instead 
of pollen. On some female trees, however, I found a few 
anthers containing pollen-grains apparently sound On the 
male trees most of the flowers include pistils, but these 
likewise drop off at an early period, and the ovules, which 
ultimately abort, are very small compared with those in female 
flowers of the same age." 

It may be added that the stamens are sometimes snb- 

" I found no difference wliateTer between the plants raised from 
tba larger aceda of the ray floreta and tho smaller onca of the disk 
Boreta. They all gave rUe to the " single " form of uapitulum. 
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petalold forming etamiuodi a— another bint that " conta- 
besoence " ia closely akin to petalody of the andrceciuni. 

SiixUALiTT ASD Heteiiooamt. — Another source of dicliniBin 
may theoretically be attributed to protandry and protogjny 
carried to such a degree that the opposite Bex ia arrested 
altogether. Many plants have their ilowera hovering about 
homogamy, some individaals being protandi^oua, others proto- 
gynona, according to locality, etc. Tims Saxifrages and 
species of Kibes are in this condition. 

We know that as soon as a flower ia fertilised, tho corolla 
fades and mostly falls. This means that the nonrishment is 
now directed into the pistil. In a protogynoaa flower the 
petals and stamens may be in a very undeveloped state, while 
the stigma ia I'eady for pollination.* If it be fertilised it 
no longer requires other organs, and nooriahraent may be 
abstracted from the corolla and stamens, which therefore 
■wonld tend to abort. Let this procedure become hereditary, 
and we get passages to female flowers. Moreover, the more 
female forms tend less to degeneracy, plant for plant, than 
the herm.aphroditea, as Darwin showed with Satureia, and as 
is known to be the case with Strawberries in the United 
States, and again as is the case with the Ash, described above. 
Therefore female plants might be prodaced abundantly which 
wonld keep that form permanent. 

Conversely, plants growing in the open with an increase 
of temperature, and readily seen and visited by insects, 
become sti-ongly protandrouB ; consequently the pistil ia at 
first delayed in development with a corresponding tendency 
to enfeeblement in comparison vrith the moi-e purely female 

The results of crossing these conspicuous flowers — and 
• Sbb e.g. Mfiller's fignrea of Saxifraga Sesuieri in ditferent atageB, 
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the more conapicuons tho more masculine is tTie flower, 
and the more attractive will it be — one witli anotlier, would 
not therefore be so advantageous as crossing the moi-e female 
plants with the conspicuous. The former, too, prodace 
relatively more offapring, and might tend to oust the others, 
and reprodnce both the "more masculine" and the "more 
female" sorts. Intercrossing, therefore, conpled with en- 
vironing conditions, may together bring about diajcism, as 
in Strawberries. As this reasoning is rather deductive, it 
most be only considered as a snggestion. 

Sexoalitt and Hetebosttlism. — This nndonbtedly is 
another sonrce of diclinism, as already alluded to. Mr. 
Darwin alludes* to Coprosma and MiicheUa as indicating 
thia fact. " Coprosma is dicecious, and in the male flowers 
the stamenfl are exsertcd, and in the female flowers the 
stigmas i so that, judging from the affinities of these genera, 
it seems probable that an ancient short-styled form, hearing 
long stamens with large anthers and large pollen-grains (as 
in the case of several Rnbiaceous genera), has been converted 
into the male CoproETna ; and that an ancient long-styled 
form, with short stamens, small anthers, and small pollen- 
grains, has been converted into the female form. According 
.to Mr. Meehan,t Milchdla. repem is ditecions in some 
districts ; for he says that one form has small sessile anthers 
without a trace of pollen, Ihe pistil being perfect ; while in 
another form the stamens are perfect and the pistil mdi- 
mentary. Milchella, therefore, would seem to be heterostyled 
in one district and dicecious in another," and this can 
Bcai^cely bo due to anything but environment. 



• PoJ-ms af Hawerl, eto., p. 285. Se 
+ Frnc. Aead. of Sri. of FhiJadelpU 



■ bIbo above, p, 228. 
Julj28, 1868, p. 1" 



r. Meehan'e accannt that he fDiind any difierenoe a 
^iBiii appears to be a coostaDt cbaraoter. 
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Sammarizing the various influences o£ the environment 
as climatic — snuh as tempei-atare and light, shade and 
obscurity, hamidity and drought, aa well as varietiea of Boil 
and degrees of nonriahment, and possibly others — we soon 
Bee how careful one must be in attribntiiig a result to any 
one or special cause alono. What we can do is, as it were, 
to pick out of thera, as tolerably well-ascertained, condi- 
tions which seem to favour, say, the female as compared with 
the male organs or flowers — such as, e.g., a mean or optimitm 
condition of vegetative energy, a relatively low temperature, 
no escess of nutriment, a due amount of light, hnmidity, 
etc.; or again, on the other band, a relatively higher tempera- 
ture, which favours and stimulates the staminal enei'gies, the 
andrcecium being more keenly sensitive and more readily 
responsive to alight increments of temperature than is the 
gynceciuia. The duration of the male elements being shorter 
than that of the female, they can come more quickly to 
maturity and perish earlier, as seen, for example, in the first 
flowering deciduons male catkins of Castanea Amsricitna 
mentioned above. These, having been formed at the close 
of the pi-eceding year (like many mate flowers of the 
UmhellifercB late in the season), may represent the ex- 
piring energy of the year's gi-owth. They open first, as 
soon as a sufficient thongh slight increment of temperature 
occnra, but quickly fall off, quite useless, as no female 
flowers are open to be benefited by them. 

Again, many, if not the majority of gynodioBCious plantB 
would seem to be produced by the firet flowers opening 
before the temperature was sufficiently high to allow of the 
corolla and. stamens to develop properiy; and though many 
female flowers of the Labiatm now blossom simultaoeoasly 
with the hermaphrodite flowers of the same species ; this 
may be, perhaps, accounted for by hereditary infiaencea, as 
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Mr. Darwin showed that seeds of tho female plants of TbTm^B 
yielded both female atid hermaphi'odite plants. 

Although, therefore, we are unable to fathom all 
mysteries of Nature's proeednre, we can detect some of tlu 
lines npon whiuh she works, and perceive how, in 
it is the environment — bnt sometimes one set of i 
sometimes another— which, being brought to bear npon the 
plant, the latter responds to it ; and some form of what 
may be called " incipient diclinism " is the first result. If, 
then, these influences be kept up, hereditary conservatism 
conies into play, and such slight begitminga towards a 
separation of the sexes becomes fixed — only temporarily, 
however, — which constitnte the first step, to be followed by 
others, till absolute and almost irrevocable dicecism is the 
final result. 

Dr. M, T. Masters has collected several cases ia which 
one or other of the sexrs has been arrested, apparently in 
consequence of the nature of the soil and other conditions of 
the eitvironment. I refer the reader to his " Teiulology," as 
my object is not merely to enumei'ate all the instances known, 
but sufficient to establish the theory advanced, — that it is the 
environment that first influences the ot^anistn, which then 
responds to it; and that, secondly, all adaptive variations 
thus set up — provided tho environment continue to exert its 
influences — can become fixed by heredity. The consequence 
is that they are ultimately recognized as constant and 
specific characters. 

The ORifKN OF Sex. — If now the environment has teen 
proved to esert potent effects npon the develvpm.ent of the 
sexual apparatus of flowers, there still remains the ques- 
tion how far is either sex or both present, or at least poten- 
tial, in the embryo. Marked differences have resulted from 
Bowing fresh or well-matured and older seeds of melone. 
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M. Arbaumont foand that young Reeds gave rise to plants of 
extraordinary vegetative vigour ; moderately aged ones gave 
rise to corresponding moderately vigorans plants with both 
male and female flowers ; while older seeds gave rise to still 
less vigorous plants, but which, when properly nourished, 
formed female buds.* M. F. Cazzuolaf also found that 
melons raised from fresh seed bore a larger proportion of 
male flowei-s than female ; while older seed bore more female 
fiowera ; and this has been confirmed. 

Another interesting result was obtained by M. Tiiewald, 
■who grew twenty-one out of twenty-fonr melon seeds which 
were forty-one years old. The branches were very narrow, 
yet they produced early and pleaty of good melons.J A 
cause of the differences of vigour in the plants raised from 
seeds of different age is, perhaps, connected with the faj^fc 
that fresh melon seeds contain a nentral oil, which becomes 
more and more acid by keeping. This increased acidity 
coincides with a diminished germinativa power ; § and 
proportionately, therefore, less liable to run into excessive 
vegetative growth. 

The next condition to be observed is that resulting fi'om 
sowing seeds of diclinous plants thickly or thinly. HofE- 
man's experiments || in this direction showed that 283 male 

• B'lU. de la Soc. de Bot. de Fr., 1878, p. 111. 

t Bull, de Tuscan. Hort. Eoc., 1877. 

J Bard. Chran., 1879, p. 470. 

§ M. Ladorean in Ann. Agronmniques. Mr. Diinvin also fonnd Umt 
lieBh seeds of liieria grew at first more rigoroQslj than others (Cross 
and 8el/-fBrtiliaiUion, etc., p. 103). 

g Gard.ChT07t.,lB'!9,p. 763; see »lao Bot. Zeit, iliii., 1895, p. 14S, 
seqq. ; also JenaiacK Zeittchr. f. Naturunaa, tix. (188S), sup. ii., pp. I08~ 
113. The following were the plants with which ho eiperimented i 
Lychnis diurna, L. weapertina, Fuieriajui dioica, ifercurialia annua, Buine» 
AcBtoaeUa, Bpinada oUracea, and Cannabit aativa. 
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plants Appeared, and 700 female, in the thickly sown plot, 
while only 70 males occurred when thinly sown. This has 
been paralleled ia America, where Mr. Moehan, of Phila- 
delphia, has noticed bow Ambrosia arteinisitefoUa, if growing 
vigoiBusly, has a proportion of female flowera largely in 
excess of the males ; but in fields where the grain has been 
cat, and this " Bag-wccd " comes np in thick masses late in 
the Bcason, the individual plants nearly starving each other, 
male flowera are very numei-oaa, and some are wholly mala.. 
FrantI also observed that the crowded prothalliaof Ferns gaTVJ 
rise to more antheridia, and scattered one.<i more piatillidii 
PfeEEer, too, noticed the same fact with Eqjiisetum, 

In these cases we seem to have results exactly the 
of those of the melon seeds : but while in the latter the mala 
flowers were accompanied by the precocious and escessivfl 
vegetative energy, the female wci'e prevented from appearing 
at all ; for it must be remembered that normally male 
flowers of melons appear before the females. In the caee 
of thin sowing, the plants were in a natural and healthy- 
condition: but when ci-owded they were starved, and th«' 
vital energy, being jnst enoagh to develop male flowers,, 
proved insufEcient for the female ; and, conversely, wheni 
thinly sown, "vitahty" wuB not checked, and females wero< 
abundant. 

The question aiiaes, are all seeds potentially bisexual, 
and one sex rather than another determined either by an 
inherent vigorous constitution or by the conditions of the 
environment dui'ing germination and growth i* or is there, so 
to say, a determination of sex, or at least a predisposition^ 
at an earlier stage still ? Dr. Hoffman, judging from hift. 
experiments, is inclined to the opinion that sex does not-' 
reaide in the seed, but depends on conditions of germination;. 
Hr. W. G. Smith arrived at the same conclusion, for lie sayMi 
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in his Remarks on some Biieciotia Flanls^* "1 think seeds 
themselves are probably not either male or female, but that 
a/fer influences pi-oSace the eex ; as in animals the sex is not 
developed in the early embryo life of the creature, nor till 
the embiyo has attained a certjiln age." 

On the other hand, F. Heyer thought sex was determined 
at an earlier period than the ripening of the seed.f Some 
diSerenees which have been noticed in seedling's of Nntmega 
seeni to countenance this idea ; thas Mr. Prestoe, in hia 
report on the Tnnidad garden,! says that "the leaf of the 
female seedling is most perfectly elliptical, with etraighter 
primary veins. In the male plant it is broader towards the 
point than at the middle, i.e. obovate, and furnished with a 
point much longer tlian that of the female. The veins are 
also curved in towards the point much more roundly than 
in the latter." 

An interesting experiment by Mr, I. Anderson- Henry, 
recorded in the G'tTdener's Chronicle of 1876, may he quoted. 
He sajH, " I raised a seedling Begonia having female flowers 
only. It i-eanlted from an experiment I made on the aeed- 
bearer by cutting off two of the three lobes which compose 
the stigma, and fertilising the remaining lobe. I repeated 
this experiment; and all of the progeny which have yet 
bloomed, consisting of four or five plants, have likewise all 
come with female flowers only," This seems to show that 
the female seedlings were due to concentration of energy to 
a limited number of seeds. On the other hand, a hybrid 
Betjonia, " Adonis," raised by Mr. Veitch from a summer- 
flowering tuberous variety, " John Heal," crossed with a 
winter-flowering variety (itself obtained from B. Socotrina, 
crossed by a dwarf-flowering tnherous variety), bore nothing 

* Joum. of Bet., 1864, p. 232 (uoto). t Journ. Mkr.Soc, 18&i, 251. 
J Gord. CkroH., 188*, p. 315. 
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bnt male flowers — presuraably in consequence o 
nesa of constitution due to hybridisation. 

It would be quite foreign to my purpose to trace i 
origin of sexea throughout the vegetable kingdom, as I am 
solely concerned with that of flowers. But what appears to 
be pretty certain ia that the abHorption of the pollen-uucleuB 
by the " egg-cell " involves a special form of nutritio 
coupled with certain excitant effects. Uuion between nuclei ' 
OCCui'B elsBwhere ; and as illustrative analogies, one recalls tbe 
fact of fusion being normal in the Conjugata;, and b 
zoospores, where no sexual diffcrentiationa are observable. 
Agaiu, ia the embryo-sac tbere ocelli's the union of two nuclei, 
one from each tetrad, tlieir function being then apparently to 
form endosperm. As another case, Mr. Gilburt has described 
the union of the nuclei of cells conatitnting a " cell-group," 
■which forms a wood-fibre after the absorpiion of the septa.* 

Of course one of tbe most essential properties of the | 
pollen-nucleus ia to transmit to the ofFspring characteristics I 
of the male parent : but even this is paralleled in the vegeta- I 
tive system ; for an engrafted scion can transfer its peculi- 
arities to the stock, as has occurred with Cytiaue Adami, \ 
i Abutilons, etc. 

ask what are the actual differences which 
exist between the male and female energies, and how they 
have arisen, we ab once find that we are completely baffled, 
and that all speculations are at present futile. 

* Xorph. of Veg. Tiss.. Jonm. Hoy. M!cr. Soo., 1879, p. 806 {iioto>. J 
BchaoM observed a Bimilar urigiu of Ubor-fibres in the I'apavi, eoioh ot^ 
which was originally compoEsd of three or four cells, but the si 
become absorbed j their origioal positions being nnlf indicated by 
cluatera of poreg on the walls (Lea LaliciJ. dv, Carica I'apaya, Ann. dea 
Bc). Nat., 4 ser., viii., pi. 8, figa. 9, 10). Treub, on the other hand, dia- 
oovered the laticiferous vesBels and liberSbres of the Nottle, et 
arisen by repeated division of tlie nuotona, the partitions not hE 
formed at all (Arch. Seerl. dan Sci. Exac. et Nat., torn, xv., 1880, p. 39). 
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iNCOSSPicuons AND Cleistogamottb* Flowers. 
in plants IB as of frequent occurrence ae in animala ; and just 
as it implies no pathological or anything of a lionatitutionally 
iiijnrjons character in theia, so, it mnat be distinctly borne 
in mind, does it imply nothing of the sort in plants. The 
word means "down from the genna ; " like "degradation," it 
ia only a "step downwards." It implies retrogressive or at 
least an-eated couditiona ; bat a degraded flower often 
acquires new featnres, qnalifying it for securing self.fertili- 
aation Trith a tar greater certainty than was the case with it-a 
more conspicuously flowering ancestora. 

There are several causes which can bring about degrada- 
tions in the various organs of plants, such as growth in 
water, subterranean habits, parasitic and saprophytic states, 
freedom from strains, compensation, etc. Though it would 
be interesting to trace ont the cause and effect in each case, 
I must content myself with flowers, and particularly the 
essential organs. 

There are two principal canses which may be styled the 
rationale of degradation in flowers. The firat is compensa- 
tion, when the vegetative system ia io too great activity to 

i.e. whon Bowera 
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allow of the proper amount of nntrition being at 
of the fiowering pixjcess. This is so well known that I need 
not dwell upon it now. The second is the cessation of insect 
fertiliBation. The effect of fertilisation operates in two 
directions. On the one hand, if it be the result of inter- 
crosaing by insect agency, it stiinulaleB the flowers till they 
become thoroughly adapted to their Tisitora, and highly 
difEorentiated in certain ways in consequence, but more 
especially as regards the perianth and stamens ; while, ia 
many cases, some degree of degradation occurs simultaneonsly 
in the pistil. Conversely, self- fertilisation and anemophily, . 
consequent upon the neglect of insects, are accompanied by 
corresponding degradations in the perianth, stamens, and 
pollen, correlated with a regained ascendancy in the powers 
of repi'ocluction. The limits of degradation, with an increase 
of fertility, are seen in many cleiatogamous flowers. 

In tracing the progress o£ degeneracy from a species with 
large flowers to one with inconspicuous blossoms, I do not 
mean to imply that we can actually witness the process in 
activity ■ but we can see this represented, as it were, in many 
a series of what we cal! species of a genus ; but which we 
might call transitional forms of one kind. It ia only because 
we cannot trace the actual process going on that we regard 
them morphologically as distinct species. Thus, if a verifiable 
deraonsti-ation be anattainabie, it is a "moral conviction," 
not only that Geranium, pratense is as much and obviously 
adapted to insect agency as 0. pttsillum is to fertilise itself, 
but that the latter species has been derived from the former 
or from some kindred plant, through some such transitional 
forms as G. pyrenaicum and 0. molle. 

This process of degradation from insect to self- fertilising 
conditions, not only affects the size of all parts of the flower, 
bat the entire plant, Mr. Darwin showed how the stimn- 
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lating effect of crossing generally increased the heights and 
■weights and, for a time, the fertility of the plants experi- 
mented upon. Conversely, self- fertilised species are alto- 
gether smaller than their allied intercrosaing species. Thus 
Stellaria Holostea may be compared with S. medium, Ceraetivm 
arvense with C. tetrandrum and C ghmerati^m, Gardamine pro- 
ieiisis with C. hirsuta, Pol'jgonwn amphibiunt with P. avicvlare, 
etc. Besidea being thus dwarfed, self- fertilising plants are 
Biostly annnals. But while conspicnons flowering plants 
blossom during a limited period in snmmer only, their 
smaller, less conspicuous, and regularly self -fertilising allies 
may, and often do, flower and set seed all the yeai' round. 

In my essay on "The 8 elf -fertilisation of Plants,"* I 
drew up the following list of peculiarities of habitually self- 
fertilising plants, all of which indicate points of degeneration 
or arrest. 

1. The i aeons picuoa so ess of the flowers, even when fully 
expanded. 

2. The calyx and corolla are often only partially expanded, 
or not at all. 

3. The white or pale colours oE the corollas ; while 
specially coloured streaks, specks, "guides," and "path- 

' I niuBt refer the reader to the above esany for a fnll dlBciiBeioa of 
tbU aabject. The evidence there given proves conalusirely that aelf. 
fertilising and anemophilona plants ace in everj way the moBt widely 
diepersod of flowering plants, and best fitted to maintain tbeoiaelves 
ID the Btrnggle for life. I will add here that Mr. H. U. Forbes came 
independently to a Bimilar conclaaion when atndying cloistogamy in 
orchide; and remarltB, at the close of his paper (Joiim. Lin. 8oc., vol. xii., 
BoT., p. S48), " The observations above given wonld seem, therefore, to 
snpport the Rev. G. Henslow's conclnaiona ao ably given in tiis ' !&femoir 
on the Self.fertiliaation of Planta," already pnblisbed in tbe TransBCtiona 
of the ^innean Saoiety. My absence abroad prevented my seeing thia 
paper till quite recently, and after I had completed these notes." 
24 
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fiiidei'B" peculiar to intercrossed flowera are more or less 
reduced, if not absent. 

4. The partial or total arrest of the corolla. 

5. The mature atamens of the expanded flower retain in 
many cases the incurved, i.e. an arrested position, which 
they had in bud; the anthers thns remain in contact with 
the stigmas. 

6. The atamena are often reduced in size and number, 
and the pollen in quantity. 

7. The pollen tubea may often be seen to bo penetrating 
the Btigmas, either from grains still within the anther-cells, or 
evidently derived from thoae of the aame flower. 

8. The styles are shortened, and the stigmas are situated 
appropriately for direct pollination from the anthers of the 

9. The partial arrest of the corolla and stamens in their 
rates of development, allows the pistil to mature with com- 
parative rapidity. 

10. The consequent early maturation of the stigma, so aa 
to be ready before or Bimultaoeonsly with the dehiscence of 
the anthers. 

11. Little or no Bcent. 

12. Decrease in size or total absence of honey glands, 
with corresponding little or no secretion of honey.* 

Notwithstanding these various indications of degi-adation, 
snch flowers are often con-elated with special alterations 
which secure self -fertilisation without a chance of failnro 
— a precarionsnesB which almost always exists in flowera 
adapted to insects. Thus — contrary to the old but erroneous 

• Muller, in Wb "General Rptroapect" (FertiliaaHon, etc., p. 591), 
also givEB a number of modifications, mostly referred to in the test abovoi 
of what he deacribea as " the cotintlese ways in wbioh phiata revert to 
self-fertilisation in default of aaffioient inaeot viiitorH." 
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dictam that, whether flowers were pendulona or erect, the 
stigma was always below the anthers, so that pollen could 
fall upon it — the anthers are always closely apiHied to the 
stigmas, as may be seen in Chickweed (Pig;. 52), and small- 
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flowered "Willow Herbs (Fig. 53), and especially in cleistoga- 
mous flowers (Figs. 56-59, pp, 258-261). 

The strnctare of the anthers and stigmaa is often 
greatly altered in form, besides beiug merely reduced in 

Aa an illuatrafcion of the above remarks, the genua Viola, 
ia interesting as furnishing two " forms " of the same species, 
F. tricolor, or Pansy, the one 
being adapted to insects, the other 
to self-fertilisation ; while other 
speoiee, sncb as V. odorata, the 
Violet, bear cleistogamous bnds 
OD the same plant as the ordinary 
violet blossom. 

The dimorphic flowers of Viola 
tricolor were first noticed by hruUBing form." 
Miiller, who described them as follows : ■ "In the largo- 
flowered form, the stigmatic cavity (Fig. 54, a, et) lies some- 
• Nature, Not. 20, 1873, p. 45. 
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what more towards the top of the sknll-like end of the atjle 
thaainthe small- flowered one (6). When tiie Bkull-fike knob 
in the two forma in pi-cssed against the lower petal, in the 
large-flowered form the opening of the stigtnatic cavity is 
directed outwards, eo that the pollen-grains which have 
fallen ont of the anther-cone can never spontaneonsly fall 
into the stigniatic cavity, and nrnst be carried there by 
insects ; whereas in the small- flowered form the opening of 
the atigmatic cavity is directed inwards, so that pollen-grains 
falling ont of the anthercoiie Bpontaneously, fall directly 
into the Btigmatic cavity, 

" In the large-flowered form, the opening of the stigmatic 
cavity (e() bears, on its lower side, a labiate appendage (Z) 
provided with etigmatic papilfte, so that a proboscis inserted 
into the flower when charged with pollen from, a previonsly 
viaitod Bower, rubs off this pollen on to the stigmatic lip, 
thna regularly effecting cross-fertilisation; -whereas, when 
withdrawn out of the flower, charged with pollen, tho 
proboscis presses the lip (I) against the stigmatic opening 
(si), thus preventing self -fertilisation. This nice adaptation 
to those visitors provided with a long proboscis (Lepidoptera, 
Apidte, Rhingia) is completely wauting in the small- flowered 
form (6). 

" In the lai^B-flowered form, there ia a blaot wedge-shaped 
streak (g) on the front of the style, to which Mr. A. W. 
Bennett flrst called attention, and which he has interpreted 
as a guide-mark for those visitors which are diminutive 
enough to crawl entirely into the flower. This streak is 
also wanting in the small-flowered form. 

" In the large-flowered form, pollen-grains do not Bpon- 
taneously fall out of the anther-cone before the flower has 
been fully developed for several days ; whereas, in the small- 
flowered form, in bb far the majority of cases, a great number 
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of pollen-grains fall spontaneouHly out of the anther-cone 
into the Btigmatic cavity and there develop long pollen- 
tabes, eTen before the opening of the flower, in mnch rarer 
cases a short time after it has opened. 

" When the visits of insects are prevented by a fine net, 
the flowei's of the small-flowered form wither two or three 
days after opening, erery one setting a vigorous Bced- 
capsule ; those o£ the large-flowei-ed form remain in full 
freshnesa more than two or three weeks, at length withering 
without having set any capsnle ; when fertilised they, too, 
wither also after two or three days." • 

I have met with several variations in minor details of 
stmcture in the smaller-flowered kind. Thus in some the 
stigmatic lip, probably representing one of the thre 
formed a globular knob 
protruding fi'om the jQfjk 
orifice, as shown in Fig. 
55, a, b. In another, 
it protruded like a 
tongue, c. The lateral ^Us- si 
fringes," which help to 
keep tha pollen hack from reaching the stigmatic chamber in 
the larger flowers, are more or loss retained in these ; as ia 
also the bent-base to the style which forms the spring,* 
which keeps the globnlar head in a downward position. 

The accompanying figures will illustrate the cleistogamoas 
fiower-buds of Violets. They are very minute, abont one- 
eighth of an inch in length (Pig. 50, /). The petals are 
reduced to linear and pointed stracturea, green or purplish 
green, (a); or they may be altogether wanting. The spur 
alone of the larger petal is soinotimea present in strong- 

• For the theoraticiil origin of " fringeB " and " springs," see Chap. 
XT., p. 133, and Chop. SIII., p. 123, reapeotively. 
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growing garden planta (6). The Btamons are five or ' 
number, having spoon-ahaped connectives, and not pointed 
ae in the normal form, bearing very minute ova! anther-cella 
at the base (c, g) * Small bundles of pollen-tnbes may be 
traced from the anthers into the stigma (3). The pistil has 
a short curved style, and truncated stigma (i?) concealed 
beneath the anthers wbich lie imbricated over the top of 
the pistil. The anthei's are usually devoid of appendages, 
though they are sometimes present, like the spur; though 




both organs are now neeless. As the ovary swells it raises 
the stamens up with it (e). The capsales of the violet, Mr, 
Darwin observes, bury themselves in the soil, if it be loose 
enough, and there ripen ; but they certainly are very, if not 
more fi'eqiiently not bnried at all, but only concealed beneath 
the foliage. 

As another interesting case of a plant showing transi- 
tional conditions may be mentioned Scrophularia arguta, 
Ait-t " The two lowermost opposite and axillary branches 
bend backwards and penetrate the soil. The next pair do 
■ (c) F. odoraia; {g) V. canina. t Bull. Soc. But. de Fr., iii., p. 669. 
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the same, but do not always reacfi the ground, or else pene- 
trate it very slightly. They all bear fertile flowers. The 
lowest are apetalous, if completely hypogean [and pi'e- 
snmably cleiatogamoas]. Those which just reach the Boil 
haTC a corolla of four lobea nearly equal, and resemble the 
corolla of Veronica. A little higher up, the irregularity of 
the bilabiate character of Scrophalaria is pronounced." 

The preceding quotation ia interesting, firet in showing 
how the subterranean cleistogamons form ia derived from 
the conspicuous flower, and also supplies a hint as to the 
origin of Veronica, in that it is a 4-meroua degradation from 
a primitive 5-merous genus, which is lost or unrecognizable 
now, unless it be some member of the subgenus Fygmaia, 
which has five parts to the corolla.* 

As an illustration where geographical conditions favour 
the development of autogamous forms of flowers, the follow- 
ing passage may be quoted : — 

" Herr C. A. M. Lindman has examined the very rich 
flora of the Dovrefjeld in refei'cnce to the arrangements for 
fertiiiaation. He finds a distinct tendency to a deeper colour 
in the flowers than ia displayed by the same species in the 
lowlands, red and bine predominating. The great length 
daylight appears to increase the size both of leaves and 
flowers, though in some species, on the other hand, the 
flowers are diminutive in consequence of the low tempera- 
ture. Crowded masses of small flowers are very com 
The number of scented species ia comparatively small, 
though the fragrance is sometimes powerful. The scarcity 
of insects necessitates that there should almost always be 
a provision for possible aelf-fertili.sation ; and many species 
elsewhere heterognmoua, are here homegamous. Kotwith- 

• For Muiler'a theory of the origin of Veronica, eee Peril (isa (ion, etc. 
p. 465. 
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standing the cold and wet 
observed almost invariably bore fruit."* 

As an example of pare cleistogamy I will talse Oxalig 
Aoetosella, as having special peculiarities. Mr. Darwin 
alludes to M. Miohalet's description of the cleistogamona 
flowers of this species, f and adds some observations of hia 
own. J He quotes an obaervation of Michalet'a, that the 
e sometimes quite aborted. This fact, 
which I have also ob- 
served (Fig, 57, d), is 
quite in keeping with 
the common process of 
the reduction of the 
number or parts of sta- 
mens in self-fertiliaing 



five shorter staraeas a 
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flowers. He also adds this interesting observation : " In one 
case the tubes, which ended in excessively fine points, were 
seen byme stretching upwards from the lower anthers towards 
the stigmas, which they had not aa yet reached. My plants grew 
in pots, and long after the perfect flowers had withered they 
produced not only cleiatogamic, but a few minute open flowers, 
which were in an intermediate condition between the two 
kinds." This last remark is quite in accordance with the 
true origin of these flowers, that they are in all cases degra- 
dations from the conspicuous forms normally characteristic 
of the species which produce them. 

Fig. 5?, a, clearly shows that in Oxalis Acetosslla the 
cleistogamons state is simply a flower-bud which has become 
adapted to self- fertilisation ; and the intermediate conditions 
alluded to by Mr. Dai'win I should suspect were analogous to 



• Joum. Roif. iftcr. Soc, 1887, p. GIS, and □ 
t Bull. Sot. But. de Ft., i\i. (i860), p. 46E 
t Forms (if Flowers, p. 3i;l. 
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the permanent forma of tlie flowers of 0. corniculata, which I 
at first inferred, from the wide distribution of this spocies, 
mnst be habitually self-ferti Using. From Fig. 57, a, it will be 
seen that the corolla just pi-oti'ttdes from the closed sepals, 
and always remains aa a "cap," h. Of the ten anthers, five 
are often abortive or wanting, d; the fertile anthere are 
placed over the very short stigmas, and are bonnd together 
by fine threads. These appear to play some part, bat the 
nature of their function is obscure, c, 

Impatiens fulva and I. Noli-me-tangere have also cleiato- 
gamous flowers. Fig. 58, a, repreBenta 
a bnd, and b two metamorphosed eta- 



flowcT-bml itf Impatiep 



Lamiv/m amplexicaule will furnish 
another example of cleistogamy. 
genus has usually flowers highly differen- 
tiated, and adapted to insect fertilisation, "«"'"^"> 
That the cleistogamous flowers of this, as of all other species, 
are degraded forms of the normal kind is obviona from the 
preseace of the " lip," aa well as by there being four and 
didynamous stamens. The stylo elongates very much, and 
under the pressare of the closed 
sammit of the corolla becomes bent, 
so tbat the stigmas lie between the 
anther-cells, and thus readily become 
fertilised. Fig. 59, a, represents a 
flower-bud ; b, the corolla in section ; 
and c the pistil removed. Tliis i 
condition of cleistogamy ia found in 
the earlier-flowering plants, so that it is probably a mere 
result of check through a colder temperature. 

Salvia clandeatina may be compared with the last 
described, as it is a aelf-fertiliaing form of, perhaps, 3. pro- 
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tanmi. Fig. 60,* a, repreeents a corolla, which ia veiy Hmall, 
but open ; 6 repreBenta the two fertile stamens ; the aiithep- 
lobes instead of bein^ 
horizontal are erect, and 
face each other. The 
atigmaa cnrl back be- 
tween them, and are r 
idKiginsa. markably long. 

The Origin of Cibistogami. — We are now in a poaitioi 
to trace the causes of cleiBtogamy. Cleistoganaoua flowei 
nearly always occur oa plants otherwise, or at least fhtS 
allied species ai'e, adapted for intei-croasing, and include fi 
genera of anemophilous plants. The first cause or influeno( 
is the arrest of the reproductive energy in the eonspicuooi 
flowers, which often set no eeod at all. 

Whatever the primary cause of that may 1 
common result in perennials is to increase the power i 
Tegetative methods of multiplication, as in the c 
bulbous and tuberous plants. 

This, however, ia not a special feature of the plants whiolll 
bear cleistogamous flowers. It would aeem, therefore, t 
the reproductive energy being checked in one form of flower.'j 
it, so to say, breaks out iu another. Bnt ther 
inflnencea at work, and a veiy obvious one is temperatui 
for the same species may behave very differently i 
country with a high mean annual temperature, from n 
does in another with a lower one. Thus, Viola odorata d 
not prodttco cleistogaraous flowers in one part of Ligr 
where the eonspicuoua flowers are perfectly fertile; w 
they are mostly ban-en in England. On the other h 
cleiatogaraoas flowere are produced by Violeta near Tt 
• From a apecimen growing at Kew. It is cloiHtogamouB at I 
(see helow, p. 263). 
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in all parts England. Vinla rtana bears 
its nativ^e home in India, but only cleisto- 
Eiigland. Viola palasiris bears only the 
lar Paris, which are perfectly fertile, bnt 
mountains it bears cleistogamoua flowers. 
ns fulva bears both kinds of flowers in Eng- 
land, bnt the larger are nsualjy barren. After midaiimmer, 
in its native home in the United States, these flowers will 
produce capsules. Salvia clandestina, when transplanted 
from Africa to Halle, bore only cleiatogamous flowers for 
five years, according to Aschei^on, who considered the plant 
to afford an example of continnoug self-fertilisation. He, 
however, afterwards observed ordinary open flowers. It is 
a species particularly common on the Continent. 

Again, plants vary according to the season. Thus Mr. 
Darwin found that Yanddlia nummiilarifoUa bore no perfect 
flowers in one season ; so, too. Ononis columnm bore none in 
1867, yet it had both kinds in 1868. 

The time of the year also inflnencea the production of 
cleistogamous flowers. Thus Otionit tntnutissi'ma, parviflora, 
and 0. coiKmWE, according to Mr, Bentham, produce them 
early in the spring. Godetia Cavanillesii and Lamium, wm^ 
plexieatile do the same ; while some bear a fresh crop in the 
antnmn, as 0. columncE. 

Two cases are mentioned by Mr. Darwin in which the 
period is the reverse of the above. 

Viola Roxburghiana bore abundance of cleistc^moDH, but 
no perfect flowers, in Mr. Darwin's hothonse; and it bears 
the perfect flowers in India " only dnnng the cold season, 
and these are quite fertile. During the hot, and more 
especially during tbe rainy season, it bears an abundance 
of cleistogamoua flowers."* 

• forms, etc., p. 320. 
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Tbe other eiample is Rtiellia tuberosa, ot whicTi Mr. 
Darwin remarks, " It produces both open and cleistogamoua 
flowers ; the latter yield fi-om 18 to 24, whilst the former 
only from 8 to 10 seeds : these two kinds of flowers are pro- 
duced simultaneously, whereas in several other members o£ 
the family the cleistogamous ones appear only during the hot 
season." From this one would infer that an excess of beat 
may be a cause of cleistoganiy, just as too low a, temperature 
appears to bring it about. 

I think it probable that other influences than tempera- 
ture may be brought to bear upon a. plant; which, indeed, 
we may see in oar own Violets. Tbe larger flowers of this 
species are not produced in the hottest time of the year, 
while the cleistogamous buds are only borne in the summer. 
On the other hand, the foliage is only developed fully, con- 
temporaneously with tbe dwarfing of the floi-al organs. 

Again, a poor soil has been noticed as associated with 
cleistogamy by Torrcy and Gray, in the case of Noi'th 
American species of HeJiantliemum. 

Temperature, liowevev, seems to be the most important 
agent ; thus, while the climate of South Italy can develop 
the perfect flowers and render them fertile, there cleistogamy 
is suppressed ; here, iu England, the climate is seemingly not 
safficiently warm to do so, and the cleistogamous buds appear 
in compensation. The vegetative energy, however, comes 
to the fore during the summer, and perfect flowers are not 
produced simultaneously with it ; so that it is not until the 
vegetative period has ceased, and the materials are remade for 
their development, that larger flowers are again borne later in 
the year, as in November, as well as in the following spring. 

With regard to the anemophilous genera, Mr. Darwin 
mentions Hordeam, Gryptoslachys^ Leersia oryzoidee, and Juncua 
hKfimiM in Russia. 
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Now, the three genera of Grasaea here mentioned are 
character! a tic of warmer reRions, and even tropical, Leersia 
oryzoides being the Gole species of that genus which reaches 
Europe, where it becomes cleiHtogamoua. Therefore climatal 
conditions may, with some reasonable preaamption, be ang- 
gested as the immediate cause in these caaes. With regard to 
Hordemn murinum, which is, perhaps, almost habitually cleis- 
togamous in this coantiy, it may be an hereditary result 
issuing from a similar causo. This may also apply to Viola; 
for tiot only are some apeciea tropical, but all the genera 
most nearly allied to Viola are tropical alKO. This is analo- 
gous to what I have suggested as the origin of gynodioecism. 
in Labiala!, which it may be noticed has at least two genera 
with oleiatogamous flowers in thia country or Europe. Juncus 
hufonitis, according to Batalin, is escluHively cleistogamous 
in Russia, hence the same cause suggests itself for this 
species ; for, according to Ascherson, at Hallo it haa oi'dinary 
open, lateral, hexandrous flowers in addition to terminal 
cleistogamous triandrous ones.* This seems to show that 
lessened vigour has also a hand in the process in thia case : 
the mean temperature of Halle is probably higher; if bo, it 
may cause the plant to bear the open flowers there. 

From the above-mentioned facts, it will be seen that I 
there may be more than one cause to acconnt for cleiatogaray. 
Hence, it must be regarded as an inevitable result whenever 
those influences are brought to bear upon the plant which 
are capable of producing it; and there is every reason to 
believe that whatever effects are produced in plants by 
external atimuli, if the latter be permanently kept up they 
will become hereditary, and then will be recognized by i 
syateraatists as specific or generic characters. 

Anemophilous, OB WiND-FEHTiLiSED PLANTS. — The general 
• MiiUer, U., p. B61. 
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filameuta are seen in Grasses, Sedges, Rushes, Hemp and 
Hop, Plantains, Litlorella, and Foleriiim. Nettles and their 
allies are remarkEible for their elastic filaments, which 
materially aid in tbe dispersal of tbe pollen. 

On tbe other band, Palms, Bulrushes, etc., have more or 
less rigidly fixed flowei's and floral organs. 

There is little doubt but that all wind-fertilised angio- 
speiTUB are degradations from insect-fertilised flowers. This 
is obviously so when many of tbe allies of an anemophilons 
genus or species are constructed for insects. Thus, Miiller 
says that Thalictrum minus* is anemophilons, while T. 
ftavum is visited by several species of insects. Poterium 
Sanguisorha is aueraophilous ; and Sanguuorba officinalis 
presumably was so foi-merly, bat has reacquired an entomo- 
pbilous habit ; tbe whole tribe Po/eriece being, in fact, a 
degraded group which baa descended from Folentillece. Plan- 
tains retain their corolla, but in a degi'aded form. JuneecB 
are degraded Lilies ; while Cyperace'B and Qrammcm among' 
monocotyledons may be ranked with AmentifercB among' 
dicotyledons, as representing orders which have retrograded 
very far from the entomophilous forma from which they 
were possibly and probably descended. 

• I do not know on ■What resHon i for the atigmBa are not charao- 
teristic of each flowera. On d jirion grounds I aliDDld have inferred ita 
being self-fertiliaing, at the anthers complete]; conceal the few and 
I mall carpels. 
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What, then, hare been the cansea which have given rise 
to the features generally charac tens tic o£ anemophilouB 
flowers ? In the iifst place, it must be remembered that 
such ai'e far from absolute. Smooth and easily scattered 
polleo,* Miillor remarks, is the only positive character 
common to these plants. Mr. C. F. White, F.L.S., however, 
tells me that from his researches he very much distrusts the 
divieioa 8o generally accepted between wind- and insect- 
borne pollens. It is his opinion that there is no pollen-grain 
so smooth but that the hairs on the limbs of a bee or fly can 
hold it. Moreover, no pollen, however massed together, can 
possibly be heavier than, say, a thistle seed and its down 
attached, which the wind can carry with perfect facility ; bo 
that to draw any distinction on that score seems to me to 
be very far-fetched.t With respect to the pollen of Grasses, 
Mr. White observes that it is perhaps forgotten that, although 
smooth in water, when dry they are notably wrinkled into 
sharply angled and irregular shapes. 

Mr. Edgeworth J has figured many forms of pollen of 
anemopbiious genera, several o£ which show no signs of 
smoothness or rotundity, such as Alopecums pratensis, Careis 
armiaria, and 0. panica, which, like Juncus effusus, is oblong, 
with sharp edges, all of which are at right angles or nearly 
BO. Again, Typha lattfoUa and Cupressus have octahedral 
pollen ; Areca Baueri, Geratoza-mia, Rheam,, Mercurialis, Oak, 
etc., have more or less sharply pointed Bpindte-abaped grains. 

• See Mr. A. W. Bennett's paper, On the Form of Follm-grains in 
Eefereace to the Fertiliaatioji of Floviers, Brit. Abboc. Eep., 1874. 

t I WDold here allude to another d priori assomption. It has been 
thoQght that the two pouches on the pollen of the Fir aid it in trans- 
portation; but QuIeBH they were Glled with some gas lighter than air 
they OBly increase the weight of the grain. 

I Pollen, by Mr. M. Pakenham Edgeworth, F.L.S., 1877- 
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In Gorylus, Alrms, and Plantago media, they are polygonal, 
while Beech has them deeply three-grooved, etc. 

Mr. Edgeworth, in fact, states that the different kinds of 
pollen of anemophilana plants " are by no means all globular, 
&a Mr. Bennett asserts." 

He notices, however, that " the grasses and Cypei-acecs, 
and perhaps the PZan^asinem are without the sticky nature 
of the outer coat, which obtains through all other pollen 
grains." 

With regard to the versatile condition of the anthers in 
grasses, and their consequent facility o£ oscillating on a point, 
this feature seems to be only the resnlt of the extremely 
slender filament due to degradation;* and not quite the 
same thing as the antero -posterior oscillation which the 
action of bees has set np in the connectives of Salvia, species 
of Calceolaria, and Oarcutna Zerambet.f Remembering how 
the rigidity of the filaments of intercrossing flowers is corre- 
lated to the retention of some well-defined positions for the 
anthers, so that insects can be struck by them accnrately, 
and be again struck on the same spot by the stigmas of other 
flowers, we see that when the atimnlus due to intercrossing 
has been long withheld, the filaments have become slender, 
easily waved about by the wind, and versatility of the 

" Flimtaga media, whioli is viflited, haa motionleBH antherB; but in 
tha anemophiloaa epecieB of Fliuitain tliejr are versatile. 

t Mr. H. 0. Forbea has described and figured a very analogmiB case 
in thiB speciBH of Curcuma of Samatra. The two antbera project for- 
wards in oontact, they ara provided with terminal procesaeB like horns. 
The style paasea between them. When a bee enters the flower it 
deprBBsea these horns with its head, and bo forces the anthers down- 
wards on to its thorai. The anthers bring the style and Btigma down 
alao. In a similar way do some spociea of Salvia canae the fltyle to ba 
broEght down from the bood (i. Naturaliefi WanderingB in the Fatten 
Archipelago, p. 247) . 
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anthers haa followed. Those wind-fertilised plants with stiff 
filaments have preanmably not yet degraded to a similar state. 
With regard to the pistil, since of heterostyled plants 
the stigmatio papillto are larger and longer in the long-styled 
forms, we seem to get a hint as to the origin of the papillose 
and plumose charafitera of many wind- fertilised plants ; in 
that such may be due to compensatory processes on the loss 
of the corolla, honey- secreting organs, etc., which have thna 
favoured the development of the pistil genei-ally, such deve- 
lopmenta becoming emphasized in certain directions. 

Protogyny or homogamy generally accompany anemo- 
phiij.* Thus Miiller mentions Tkalictntni minus, Plantago, 
Iruaula, Callitricke, Myriophyllum, and many Grassea as 
being protogynons ; and a common characteristic feature of 
snch flowers ia frequently noticed by Miiller, viz., that they 
have all " long-hved stigmas." This seems clearly to point 
to a relatively increased amount of vigour in the develop- 
ment of that organ in protogynons flowers ; which becomes 
especially noticeable in their enhanced size, as seen in most 
anemophilouB flowers. Foterium he regards aa homogaraons, 
as well aa Bye and Wheat. These conditions all agree with 
the total suppression of the corolla, and may be regarded as 
signs of degradation : and I have elsewhere shown, when 
treating of emergence and development of the floral organs, 
how a compensatory process accompaniea the formation of 
the eopolja and stamens on the one hand, and of the pistil 
on the other ; so that when the former tend towards degra- 
dation, the pistil gains the ascendancy, and matures earlier. 

• Artemiiia vulgaris aeema to ba protandrons. Tha Btyle arms are 
prorided witli papillose rosettes in the central florets, but are very 
elongated, and terminate in points in the aircamferential Qoreta. In 
no oaae oonld I deteufc poUen-taboa in nnopened florets, though the 
grains were shed. 
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Hence, to find its Btigmaa enlarging under anemoptily is all 
in keeping witb the above facta. 

The Origin of AhEHOPHiLr. — With regard to the origin 
of anemophilons flowers, there is every reason to believe 
them to be due to the neglect or absence of insects : that aa 
these have brought about brilliant colours or other kinds of 
oonspicuonsness, bo their absence has allowed flowers to 
degenerate and become in eons pic nous, the result being 
either self -fertilisation or anemophily. As two examples 
of districts which illustrate this fact, are the Galapagos 
Islands, visited by Mr. Darwin, and Greenland, the flora o£ 
which is described by M. Warming. 

The former observer, on landing, thought that there were 
few or no flowers, bat, on stricter seareh, discovered many 
to be inconspicuous. A specimen before me of Solantmt 
nigTwm, which he bronght from those islands, has flowers 
much smaller than our own native plant, and illvistratea the 
wide dispersion of self-fertilising plimts. M. Warming 
fonnd Greenland, like the Galapagos Islands, to be poor in 
insects, and "the flowers display a corresponding increased 
tendency to autogamy. One hundred and thirty-eight species 
of anemophilons plants are also named by him, exclusive of 
Willows. The flowers appear to decrease in size with the 
increase of latitude; and the brilliancy of colour certainly 
does not become greater." " 

This last observation does not agree with M. Flahanlt's 
observations ;f and possibly M. Warming is here intimating 
a wrong cause of degeneracy, which I should incline to regard 
as the absence of insect stimulation, with the consequent 
tendency to inconspicnocsnesB, anemophily, and autogamy. 

• (hers. K. Danske Vidensh. Selsh, 1886, p. xkv. (qnoted from Joum. . 
Boy. Slier. Boc., 1887, p. 4>33). See also above, pp. 177 anA 259. 
t Am. det Sd. Sat., 6 b&., t. Hi. (1877), et t, ii. (1ST9). 
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Where, however, insecta are abundant, whether in high 
latitudes or greater altitudes, fts in the Alpa, there two 
Cftusea will be at work to enhance the brightness of flowers ; 
viz. insect stimulation and prolonged sunlight. For Sachs 
has shown that the ultra-violet and invisible rays are 
specially efficacious in the development of flowers; and as i 
the foliage grows more vigorously with prolonged light so I 
it is presumable that the flower-forming substances will be 
more abundant as well.* 

The genus Flantago, like Thalictrum minus, Poterium, and I 
others, well illustrates the change from an entomopbilons 
the anemophilona state. P. lanceolata has polymorphic flowers, 
and is visited by poUen-seekiog insects, so that it can be j 
fertilised either by insects or the wind. F. media illustratea 
transitions in point of structure, as the filaments are pink, I 
the anthers motionless, and the pollen-grains aggregated, and 
it is regularly visited by Bombus terreetris (Delpino). On the 
other hand, the slender filaments, yersatile anthers, powdery 
pollen, and elongated protogynons style are features of other 
species indicating anemophily ; while the presence of a 
degraded corolla shows its ancestors to have been ento- 
mophilons. P. media therefore illustrates, not a primitive 
antomophilous condition, but a return to it ; jnst as is the 
case with Sanguisorba officinalis and Salix Caprea; but these 
show no capacity of restoring the corolla, the attractive 
features having to be borne by the calyx, which is purplish 
in Sanguisorba, by the pink filaments of Flantago, and by the 
yellow anthers in the Sallow Willow. Flantago alpina ia 
self- fertilising, as the stigma does not wither until after 
maturing the anthers. 

If we may speculate aa to why some degraded flowers 

* See La Vigitatioa du Qlobe, par QriHebaoh, t. i,, p. 15S (trad. fran. 
de Tohihatchat). 
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have become regularly aatogamoua, while othera are now 
anemopliilous, it may be due to the fact that, if a flower has 
been entomophilous and even strongly protandrous, the fii'st 
stage of degradation ia to bring the essential organs to a 
LomogamouH state. If they stop there, and become antoga- 
mODS as well, ■which is the nsnal result, then the flower will 
remain persistently self- fertilising, as, e.g., Shepherd's-purae, 
Chick weed, Knot-grass, etc. 

If, however, the flower had been pi-otogynons, such as 
early- flowering Hellebores, Prunm cojnmunis or some Alpine 
species, with " long-lived stigmas,'' thea this protogyny, 
associated with other degradations of the corolla, etc., which 
only tend to increase it, has ended with anemophily. 

In the first case the androeciiim of protandrons flowers 
has come down from its previous highly differentiated state, 
BO as to be homogamons with the stigmas. From the other 
or protogynona condition, the gynoecium has not been brought 
back again so as to be homogamons with the anthers and 
pollen, but, on the contrary, it may have become even 
further differentiated, and so has now no fertiliser to depend 
npon except the wind. 
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DEGENERiCT OF TEE ANDBfECiTTM. — The nnmber of Btamens 
may decrease, as well as the qnaiitity of pollen ; while the form 
of the anthei:H may change and the character of the pollen 
may alter ; and lastly, the position of the stamens may not 
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As examples, in Stellaria Holosiea there are ten stamens, 
in iS. inedia only three ; and in cleistogamons Violets they 
vary from five to three or two. In the latter, the anthers 
become spoon-shaped with a ronnded connective and much 
redaced anther cells ; in the cleistogamons flowers of Oxalis 
Acetosella the pollen is almost deliqnescent. Lastly, in all 
flowers especially adapted for self -fertilisation the anthers 
are in contact with the stigmas in conseqnence of theii' arrest 

It mast be noted here that this degeneracy in the stamens 
in no way impairs their functional valne. The fact is that 
a very small amount of pollen is really qnite sufficient for 
fertilising a considerable namber of ovales. 

For convenience I call it degeneracy, but another view 
wonld be to regard it as the conservation of energy, instead of 
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■wasting it in the prodnction of a great deal more pollen than 
is uanallj required. 

An interesting experiment of Mr Darwin's prjTes tbia, 
He piaced a very small mass of poUeo-graina on one side of 
the large atigma of Ipomwa purparea, and a great mass of 
pollen over tbe whole snrface of the atigniaa of other flowers, 
and the resnlt was that the flowers fertilised with little 
pollen yielded rather more capsniea and seeds than did those 
fertilised with an excess.* That normally intercrossing 
flowers produce a great saperflnity of pollen is well known. 
Tims Kolreuter found that sixty grains were necessary to 
fertilise all the ovniea of a flower of Hibiscus, while he cal- 
culated that 48^3 grains were produced by a single flower, or 
eighty-one times too many t Mr. Darwin saya, " In order 
to compensate the loss of pollen in so many ways, the anthei-s 
produce a, far larger amount than is necessary for the fer- 
tilisation of the same flower ; . . . and it is still more plainly 
shown by the astonishingly small quantity produced by 
cleifitogene flowers, which lose none of their pollen, in com.- 
parison with that produced by the open flowers borne by the 
aame plants; and yet this small quantity suffices for the 
fertilisation of all their numerous seeds." 

Mr. Darwin observed that when flowers were artificially 
self- fertilised for several saccessive generations, a degeneracy 
sometimes took place in the anthers and pollen ; and he seems 
to attribute this to what he called the "evil effects" of self- 
fertilisation ; bnt from the above-mentioned facta, which 
occur so abnndantly in natare, I am inclined to regai-d it as 
an experimental veiification and illustration of a univeraal 
principle in nature, namely the preservation of energy 
wherever possible, and that such cases as appeared under his 



• Oro>g and Self FerliHx. 

t Hid., pp. 376, 377. 
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eiperiments ■were iaataticeB of tLis principle at work, &a the 
floivers became habituated to self- fertilisation, and were then 
fully fertile. 

We have, then, in such cases an actnal demonstration of 
the first step of the changes induced by Belt-fertilisation 
continually enforced ; and thereby a witness to one cause of 
the origin of certain, and indeed, a very large nnmber 
of species. It is the converse process to that of insect 
fertilisation, which itself I take to be the vera causa of the 
origin of intercrossing species. 

It is, perhaps, worthy of note that, while both the number 
of stamens and the qnantity of pollen are thus often much 
reduced in some flowers the capsules of which produce many 
seeds, yet in othere which set but one, as Fumaria, or at 
least but few seeds, the number of etamena may remain 
unaltered. This seems to me to be an additional proof that 
snch flowers are degradations from foi-ma originally adapted 
to interci-oasiog when much more pollen was requisite. 
Hence the present forms are retentions of former aneestral 
conditions. The following cases will illustrate this : — 
Sclerantkua perennis ani species of MedicagohoLve ten stamens 
and one seed ; Daphne Laureola has eight stamens and one 
seed ; Ckenopodium. has five stamens and one seed ; similarly 
is it the case with the large orders CompositcE and Graminecs. 

The phenomenon called " contabescence " by Gartner* 
would seem to have its rationale in this adaptation to self- 
fertilisation in some cases, and to diclinisni in others, though 
there are other causes which may bring it about, when it is 
a purely pathological phenomenon. 

Mr. Darwin observes, " The anthers are affected at a 

very early period in the flower-bnd, and remain in the same 

state (with one recorded exception) during the life of the 

* An. and PI. under Dom., ii., p. 165. 
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plant. The affection cannot be cared by any change of 
treatment, and ia propagated by layers, cuttings, etc,, aod 
perhaps even by Bceil. In contabeacent plants the female 
organs are seldom affected, or merely become precocious in 
their development. The cause of this affection is doubtful, 
and is different in diffei-ent cases. ... . The contabesoent 
plants of Dianthus and Verhascum. found wild by Wiegmann 
grew on a dry and sterile bank." * 

" Cases of an opposite nature likowiae occur — namely, 
plants with the female organs struck with sterility, whilst 
the male organs remain perfect." 

The constancy or prevalence of this conditioQ of conta- 
bescence seems to be the first indication of dicliniam, what- 
ever the cause ; and SUene inflata may be mentioned as 
frequently furnishing good examples of both kiuds of 
contabescence. 

Dbc.bneraot of the Pollen. — Aa this is a feature of 
importance in the general degradation of flowers, a few 
words may be added in reference to it, It is of frequent 
occurrence in cultivated plants ; thus Potatoes are notorious 
for failing to produce fruit; and some varieties are much leas 
liable to do so than others, Mr. C. F. White, F.L.S., tells 
me he regards this plant as furnishing the most conspicuous 
example of a form of degradation of pollen ; the pollen 
grains of a normal character are very generally not to be 
found at all, but round, square, and polygonal forma abound. 
On the other hand, he gathered many flowers, ia a large 
field in the Isle of Thanet, with scarcely a grain imperfect 

Mr. White haa noticed, in his numerous researches 
among pollens, that degeneracy by dwarfing is mostly or 
very frequently induced by inclement weather. He mentiona 
* A. lika CHUBS prodaoes petalodj of Btamena, 
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the case of " Ononis, growing and flowering abundantly on 
the ' Sand-to ttB ' near Boi'nham, on the Bristol Chflnnel, in 
which plant scarcely a grain of noiinal fonn was to he 
fonnd; many were absolutely united into gi-otesque gronpa 
aud utterly deformed. At the com in en cement of the cold 
weather of autumn, although the corolla may appear nnici- 
jui-ed, the pollen grains are olteo 'dirty,' unable, aa it were, 
to throw oH the residual tissue aurronndiug them, and are 
often irregularly reduced in size." 

This BCDsitivetiess of pollen to barren aoil, inclement 
weather, etc., at once tbi'ows light on a probable origin of 
diclinism, such as of gyno-dio&ceoua plants ah'eady mentioned; 
and simply confirms the idea that these differences in the 
sexoaJ systems of plants must not be looked upon as so many 
beneficial arrangements, bnt simply inevitable results which 
must follow such circumstances aa give rise to them, whether 
they may prove advantageous or not. The injurious effect 
of over-crossing, abundantly proved by florists, Mr. White 
recognizes in the character of the grains of Rhododendrons 
atid Ericas, which exhibit a shrivelling up and occasionally 
a complete " dissolution " of one and the uppermost grain of 
the group of four. And this observer adds, that in more 
than one species of Erica and also of Yacdniam the injury, 
he thinks, has become chronic. 

If tbe " vegetative " system be too energetic the " repro- 
ductive" is sure to suffer, and one of the primary causes of 
the injury is the arrested state of the pollen, as Van Tiegbem 
has described and figured it in SununcaljiB Ftearia.* A 
Kke result occnrs in many cultivated plants, as Mi\ Darwin 
has pointed out when describing the " contabescence of 
anthers." | 

" See above, p. 281, note. 

t An. and PI. wndBT Lom., vol. ii., p, 1G6. 
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Degrneracy in the GTNfficinM — IE the theory be tme 
that a typical flower ahould contain two whorls of carpels, 
or, if spirally arran^eii, seceral cycles, then it is an obviouB 
fact that tliese conditions are not the prevailing ones in 
nature. In a simple type, like Ranunaalus, we find the pistil 
of many carpels, but with one ovale in each alone developed, 
except in monstrous conditions; if the ovules be numerons, 
then the carpels are i-educed iu number, as in the Eelleborea. 
This is a primmy result of Compensation. Aod when 
carpels have become whorled —a condition I take to be 
primarily due to adaptations to insect agency, causing an 
arrest of a.tial growth by the enhancement of the corolla, 
etc., (see p. 6) — then degeneracy begins to play an important 
part, in that, firstly, (theoretically, be it observed) one of 
the two whorls of carpels goes altogether, sometimes the 
calycine (e.g. Fuchsia), at others the petaline (e.g. Ca/m- 
panula). 

Secondly, the number of carpels diminishes, as in the 
GiimopelalCB, where less than five prevaiL The following 
table will show with tolerable accuracy the proportional 
number of carpels and ovules that prevail in the first three 
divisions of Bicolyledons, 
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conditions, either many carpela having one or few ovu 
in each, or a few cai-pela with many needs, as in the I 
RanunculacecB. Tliis primitive condition rapidly vanishes 
passing' to CalycijIoraB and Gamopetala. 

(2) Having reduced the number of carpels to a definite I 
qnantity, five, i.e. one cycle of the prevailing J type, this i 
numher remains tolerably persistent, bnt does not show a | 
large percentage. 

(3) The combination of five cai-pels wiih a i-educed nnml 
of ovniea, i.e. one or two in each cell, or 5-10 ovules in all, 
is pretty nniform for the firat two divisions, bat almost 
disappears under Gamopelalm, the orders Sapolacete, NolanetB, 
and one or two Evbiacece, (e.g. Erithalu) representing this 
condition. | 

(4) and (5). Here we see a steady increase in the I 
percentafces in passing from Thalamiflcnte to Gamopetalce, in 
which the number of carpels is still further reduced; but 
the number of ovules runs in two directions, being either 
nnmerous or few. 

Two questions arise at this point. If one result of insect 
agency is to bring about inci'caBed specialization in flowers 
(yet, in proportion as they become specialized, so, inversely, 
is the number and variety of insect visitors diminished), 
how is it that some {e.g. Foxglove and Orchids) produce 
an enormons number of seeds ; while olhere (e.g. Labiata, 
Compositas, etc.) prodnco few or only one in each flower? 
The second question is whether a plant is better off for 
having so many more seeds than another. Recognizing 
reprodaction as the sole end of plant life, so that a plant 
should bear as many good seeds as possible, it is noticeable 
that the two largest orders, Com-poBiim and Graminea have 
never more than one seed to each flower. Again, comparing 
LabiatcE with Scrophvlarinem, according to the Genera 
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Flanlaram of Bentham and Hooker, while the former lias 
2G00 species, the latter has only 1900. Lastly, comparing 
two orders with regular flowers and two carpels, iiorajiiwiB 
has 1200 BpecieB, and Solancw, 1250 ; while the former ordar 
never has more than foar seeds to a flower, in the latter tl 



If it were possible, we should procnre atatistica 
relative degrees of abundance in individuals of two kinds at 
any place where they thrive. Casual observations certainly 
Lave not led one to notice any such proportional abundance 
of the many-seeded planta as theoretically ought to esist 
if all their seeds germinated and grew to matority ; for I 
have calculated the number of apparently good seeds in a 
large plant of Foxglove, and found it was one and a half 
millionH. If we take a typical case, that of Orchids, whose 
flowers are certainly of those most highly adapted to insect 
agency, it is now well known that the proportion of seedlings 
to seed ia Infinitesimally small. Mr. Fitzgerald speaks of 
a DendrohiitM specioeinn, which bore 40,000 flowers open at 
the same time ; but though the plant was growing in the 
open air and waa exposed to the visits of insects, only one 
flower produced a seed pod.* Mr. H. 0. Forbes found the 
same thing to occur in the terrestrial orchids of Portngal, 
and the tropical ones of Borneo.f Exactly the same diffi- 
cnlfcies are met with in cultivating plants, and especially 
Orchids (with few exceptions), as Mr. Veitch has testified. 

Now, when wo examine the structure of the essential 
organs of Orchids microscopically, their degeneracy at once 
becomes apparent. First, with regard to the pollen. Instewd 
of its being in well-formed distinct grains, each with its 

" Reterrod to by Mr. Teiich, Ttepori on Orchid Conftreni:e, Joorn. 
Boy. Ilort. Boo. Bot., vol. vii., p. 47. 

t Jovm. Lin. Soc. Bol., vol, iii., p, 538. 
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extine and intine, their development is arrested and, while 
still in contact, a common estine clothes the whole of each 
massnla. Moreover, it is only after the pollen mass has 
been placed npon the stigma that the development is con- 
tinued." With regard to the pistil the first sign of degeneracy 
is seen in the parietal placentation which prevaila, and more 
especially in the rudimentary character of the ovules, ecery 
part of which is degraded. Even after fertilisation the 
embryo cannot grow to maturity, but remains in the an-ested 
pro-embryonic condition. Having no albumen or nucellus- 
tisane wherewith to nourish the embryo, the suspensor does 
its best by elongating and escaping from the micropyle, and 
then, fastening itself like a parasite npon the placentas, ex- 
tracts nourishment therefrom — the result being that myriads 
of seeds never succeed (at least in cullivation) in developing 
even the pro-emhryo ; and one can only infer that such is 
the case in nature. f 

In the cultivation of other flowers analogous phenomena 
are met with. The more highly cultivated a florists' flower 
may be, the less good seed is procurable; while the poorer 
ones — that is, from a florist's point of view — or " weedy " 
looking plants furnish plenty, and are highly prolific. 

The rationale of these facts, whether taken from nature 
or from cultivation, I believe to be fundamentally the same, 
viz. the adaptation to insect agency and the result of i-epeated 
intercrossing, which enhances the development and fonn of 
tho perianth especially, and generally of the stamens as well. 
At least the kinds of energy which are concerned in the 
manufacture of these whorls are more especially forced into 
activity by the stimulus received from without. On the 
other hand, the pistil suffers proportionately in all its parts 

• Mr. B. T. Lowne, Orchid Conference, etc., Lc, p. 48. 

t M. Gnignard bus draws s[milar coDCloBiouB. See above, p. 172. 
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tlirOQgh compensafion and alrophy, the ovulea being appa- 
rently particulafly sensitive. To meet tliis difficulty nature 
seems, to speak nietaplioi'i(;ai ly, to have tried two methods, 
either to make an immense number of seeds, so tbat at least 
a few raijjht be perfect, or else to attempt no more thaa four 
or even one, so that at least they should be vigorous, i 
survive in the struggle fur life during the critical periods 
germination and seedling existence. To judge by pesoU 
this latter method tarns out to be the best. 

The interpretation, then, I would offer of inconspicnons- 
ness and all kinds of degradations is the exact opposite to 
that of conapicuousness and great differentiations ; namely, 
that species with. m.iniite flowers, rarely or never visited by 
insects, and habitually self- fertilised, have primarily arisen, 
through the neglect o£ insects, and have in consequence 
asanmed theii- present floral structures. The estemal 
stimnluB or irritiitions derived from the weights, pressures, 
and punctn[-e.>i of insects being no longer applied, the 
secretion of honey has failed, the corolla ceaamg to bo 
subject to hypertrophy has atrophied. A like procedure has 
obtained with the stamens, while a large proportion of pollen 
has become effote, the anthers being partly contabescent, as 
it is called. What remains, though often altered in cha- 
racter, is amply sufficient to set an abundance of seed. 

With regard to tho pistil, however, the reverse of this 
has in some respects taken place. The corolla and andrcecium 
no longer putting a check upon the rapid development of 
the gyncecinm, the latter has a strong tendency to gain the 
ascendancy ; so that the result is homogamy or protogyny, 
with an extraordinary fertility of all plants which have 
inconspicuous and regularly self- fertilising flowers. 

If the seed he not always in great quantity in one and 
the same capsule, an ample progeny is secured by the 
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extremely rapid mataration of the fraits 

may be remavkably well seen in Chickweed. i 

The general result is that all these " weed-like " plants, 
with which wind -fertilised hei'bs must be associated as equally 
independent of insecta, of all flowering plants are by far the 
most widely dispersed, and are, in fact, cosmopolitan ; • and 
although they he Email and annuals, are yet best capable of 
holding their own in the great struggle for life. 

RuDiiiENTAKT Organs. — These are the ultimate result of 
atrophy and degeneracy in flowers. They are so well known 
as occurring in all parts of plants, vegetative and repro- 
ductive, that I need not describe them now. The reader 
will doubtless gather from all that has been said about 
hypertrophy and atrophy as causes of development and 
degeneration respectively, that they are just what one 
would expect to find. Indeed, every organ can be met with 
in every stage of degencmtion till it has completely vanished ; 
and even when all visible trace is wanting, the vascular coi-d 
belonging to it may in some cases still be detected. Last of 
all, this vanishes as well. These differences, for instance, 
can be witnessed in the presence or absence of the " ti-ace " 
of the fifth stamen of the Labiatte. 

It is thought by some that a rudimentary organ may 
become a honey- secreting gland, as Robei-t Bi-own suggested 
for some Crticiferous plants. Glands mostly consist of epider- 
mal and sub-epidermal tissues only, and if they occupy the 
place of an organ, the latter has the vessels arrested before 
they reaoh into the gland, which therefore is still of the same 
nature. In the male flower of Lychnis dioica the disk sur- 
rounds the rudimentary pistil, which in no way contributes 

i»aj referred to, I have given a loog list of Belf-fertiliaiog 
plants which hace been discovered in widelj dial&nt localiliea over the 
Drtliem and BoaChem hemiapberes. 
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to it. On the other hand, a. gland may have ite own proper 
voBcnlar STstetn, as in Lamium album, in which case a 
circaJar horizontal ring of vascnlar rords is formed from the 
piatillary cords ; from this are given off a series of Tertical 
corda, running np into the gland itself 

There can be no d priori objection to the supposition that 
an organ, when degenerating and becoming rodimentary, 
may acquire a new foi-m and fnnction ; for such, indeed, is 
not infrequently the case. But what perhaps may be more 
UBual, is that some other oi^an becomes more highly de- 
veloped through compensation. Thus, for example, the 
leaflets of the Pea, in becoming tendrik, lose all trace of a 
blade, retaining only their raid-ribs. These, , however, now 
elo::igate and acquire sensitiveness, for the use of climbing. 
On the other hand, in compensation for the loss of a certain 
amount of leaf surface, the stipules are very broad and 
foliaceons. Again, in the ray florets of Centaurea the essen- 
tial organs have vanished altogether, but the corolla is 
greatly enlarged in comparison with those of the disk 
florets.* 




CHAPTER XXVIII. 

PROGRESSIVE METAMORPHOSES. 

Homology. — Tho theory of homology has long been main- 
tained, and has met with such an overwhelming mass of 
evidence in its favour, that it is now regarded as a well- 
established morphological doctrine. The belief that every 
individual member of a flower, whether sepal, petal, stamen, 
or carpel, may be interchangeable with a leaf, and that they 
are therefore all phyliomes or foliar appendages to the axis, 
scarcely requires proof. Secondly, any one organ may 
theoretically be substituted for any other, so that although a 
sufficient number of interchanges has not yet been met with 
to make a complete series of permutations, yet they have 
gone far towards strengthening the probability that such 
might be possible.* 

I propose giving a very abbreviated series to illustrate, 
first, progressive changes from, leaves through bracts to 

* The metamorphosis, with the exception of the substitution of 
petals for other organs, is rarely more than tentative ; for it is, as it 
were, a mere attempt to effect a change, so that wherever a " monstrous " 
organ bears ovules they are almost always rudimentary and quite 
incapable of being fertilised. I have said '* rarely," for M. Brongniarfc 
succeeded in obtaining fertile seeds from artificial impregnation of 
ovuliferous stamens in Folemonium cceruleum (Bull. 8oc. de Bot, Fr.y tk 
viii., p. 453). 
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carpels ; and, t 
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indly, a retro sfresaive series from carpels to 
bracts, and tbence to leaves ; finally dedacing some important 

Progressive Changes is BsiCTS. —Bracts are in many 
eases very obviously modifications of leaves, being sometimes 
simply complete leaves redaced only in. size, as in EpUohiwm ; 
or a bract consists either of tke blade alone, aa in Buttercups, 
or else of the petiole only, 
but now expanded and 
blade-like in foi'm,as may 
bewellseeninHelleborea, 
where transitional states 
occur between the normal 
pedate leaf and true lan- 
ceolate bracts (Fig 61, 
,1, 4. .). 

When bracts ore 
coloured otherwise than 
green, they then approach neai^r to members of the repro- 
ductive or floi-al series rather than the vegetative, and in 
many casoa ai-e actually continuous in a spiral series with 
the sepals and petals, as in Cactus^ Catycanth'os, etc., and so 
assist in rendering the fiower attractive. Several species of 
the genus Salvia, e.g. S. eplendens, S. Bruantii, as well as of 
Bromeliacem, are remarkable for having brilliantly coloured 
bracts at the base of the Sower. In some cases the bracts 
may be bo arranged as to mimic a corolla, and indeed func- 
tionally replace it, as in species of Cornus (Fig. 62), Barwinia 
(Fig. 63), and the so-called Everlastings. 

The presence of bright colours in bracta, as also in sepals, 
to be described, I take to be due to the same influence as 
of the normal attractiveness in corollas ; viz., the visits 
of insects: the immediate cause being nourishment ; the 
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Stitnultts required to bring the estra flow to the bracts, etc., 
being presamabJy the irritation iuduced by insect visitors. 
The next progressive state is for bracts to assume a more j 
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or less staminoid character. This is rare, bat it has been | 
noticed in Abies excelsa* A substitution of authen 
bracts has heen seen in Melianthits 'major,-\ concerning w 
Sig. Licopoli remarks that the flowers of chiefly the terminal 
racemes were imperfect, the summit of the floriferoi 
bearing a tuft of perfect and imperfect authers the petals 
and the two carpels of the flower having been atrophied or I 
arrested. 

Fig. 64 represents an iovolucral bract of Kigella, bearing 
an anther on one side of it; while Fig. 65, a, is that of e 
glume of LoUum perenne with an anther. That bracts should 
ever assume a pistilloid character is, d priori, still more 
unlikely, aa being further removed from the central organ of ' 
e flower. Dr. M. T. Masters has, however, described J ( 

• Teratology, p. 193. t Bttll. 8oc. de Bot. Ft., Rev. bib., t. xiv., p. 253. 
t JouTn. of Lin. Son. Bnt., voL vii., p. 121. 
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malformed LoUam perenne, in which the 
had Btylea and stigmas (Fig. 65, a, I) ; th 
being absent, were replaced hy a taft of 








s oE which were prolonged into sfjiiform i 
ceases, the sexual organs being otherwise anppressod. 

In a, proliferons case of Delphinium eJafuw. desciibed 
and figured hj Cramer,* the parts of the flowers were all 
metamorphosed into opea radimentarj- carpels. The axis 
was elongated and terminated above, in one case, by a 
fiimilar abortive Bower; in another, by an nmbel of such 
flowers, every part of which was more or less earpellary; 
while all the hracte on the prolonged axis, even those out of 
the axils of which the bi'anclies of the umbel sprang, were 
similarly made of open carpels. 

Pkogkessive CHAscii^s in the Calyx. — The sepals are 
usually homologons with the petiole of a leaf. This is obvi- 



ously the t 



vith the Rose, where the rudiments of the 
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compound blades are retained (aee Fig. 24, p. S3). In 
Fedicularis tiio blades are present as a minute fringe on the 
edge. In Eanuncuhui, Potentilla, etc., the bi-oad base of the 
petiole is the only part present, for in abnormal couditions 
the blade may be borne above (Fig. titi). Similarly, in a, 
gamosepaloua calyx the teeth as a mle seem to be all that 
reiaain to represent the blades ; for in TrifoUum repens, when 
virescent, true unifoliate blades ai-e developed on elongated 
pedicels, all arising fi-om the border of the ca!yx-tnbe (Fig. 
67), in which the teetb become pitinately nerved blades. 
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The venation may in some cases assist in furnishing a cine 
as to the real nature of a part. Thns in Hellebore, as already 
seen (Fi^. 61), the bracts are homologona with petiolea, 
their venation being palmate, and not pinnate as in the 
divisions of the blades of the leaves. It is the same in the 
aepala, which are presnmably therefore homolngons with 
petioles as well. The sepals of OdltJia resemble them in 
venation, but in this plant the leaf is of a more 
primitive type, not being lobed, and has also a palmate 
venation. 

lilar difference between the venation o£ the sepals 



THE STRUCTUHE OF FLOWERS. 



I Diptarocarpus and Mtu- 
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and blades of tbe leHTes ii 

B/enda (Pig. 68). Transitional Btatea from a i 
double fliiwer of Saxifraga decipient, described and figured 
hy M. C. Morren," showB that the newly formed petals in 
the place of stamens, as also the normal petals of the flower, 
exactly correspond, both in shape and venation, with the 
cotyledona. Palmate venation thus simply represents a more 
priiaitive type; and, since flowers are constructed out of 
metamorphosed leaves — the vegetative being replaced by 
reprodnctive energies, — one naturally expects to find the 
calyx and corolla, which more nearly approach leaves in 
structure, to show an-ested foliar con- 
ditions, as, e.g., are seen in palmate 
nervation and absence of blade or 
petiole, as the case may be. 

In MussfEnda (Fig. 68) the teeth 
of the sepals are usually subulate and 
acaminate ; but in the one foliaceous 
and aabpetaloid sepal it is drawn out 
into a long petiolar form, which then 
expands into a palmately nerved 
lamina. The fact that a "tooth" is 
in this case prolonged into a " petiole " 
seems to imply that the eepal arises 
at once from the rcceptacular tube, 
which, therefore, one would infer to 
be axial. A somewhat analogous pro- 
cedure is in the monstrous TrifoliuTti, 
where the nnifoliate blades, supported on long pedicels with 
Ktipular appendages an well, all arise from the border of the 
ao-called calyx-tabe (Fig. 67). There the inference would 
be the same, only that the rcceptacular tube is free from the 




* Lei Bidl. de I'Acad. Roy. de BrUnelleB, 
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pistil, and not adberent as in the case of Miissi^nda, In both 
inBtances it will preaumably be purely axial in cliai'acter. 

ProgressiTO changes in the calyx ai'o not nncomnion by 
ita asaaraing a petoloid character. Thia ia normal in eome 
genera of Banunculaceis, in Fuchsia, JShodoahiton, aa well aa in 
eome members of the lacompleteB, as in Mirahilie, Polygorvam, 
Daphne, etc. Normally coloured sepals are most frequent 
in polyaepaloua genera. Abnormal colorisation, witU or 
without any metamorphosis of the organ, is 
moat frequent in gacooeepalous flowers, aa in 
the cultivated " hose-in-bose " vai'ieties of 
Priinula, Mimulus and Azalea. The calyx 
may be petaloid either wholly or in part 
only. In Mitsscenda (Fig. 68), one sepal only 
ia nonnally anb-petaloid. Calceolaria has 
occasionally one or more Bepala petaloid. 
Similarly Linaria (I'ig- 69) and other in- 
stances might be mentioned. These condi- 
tions, brought about by cultivation, clearly Fig. ti.—ui 
show the important part that high nourish- petaiuid. 
ment plays aa an external stimulus or factor in the produc- 
tion of colour. 

Staminoid sepals appear to be very rare. It is recorded 
by M. GrJB that they have occurred ia Philadelphus speciosus." 

Pistiloid sepals are nearly equally as rare as ataminoid. 
They have been observed by Mr. Laston in double flowers 
of the Gai-dea Pea (Fig. 70), in which there waa a five or 
i-Ieaved calyx, some of the segments of which were of a 
carpellary natnre, and bore imperfect ovules on their mar- 
is, the eitremilies being drawn out into sub-atiguiatiferoua 
stylea.t 

• Bull. Soc. de Bol. Fr., t. v., p. 330. 

t Oard. Chron. 1886, p, 897 i and Temlolo3y, p. 302. 
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I bavo ftlflo foand the eepala oTuHEeranB in a monstroDs 
form of Violet, which was almost entirely Tiregcent (Fig. 71). 

pROGBEssivE Changes of the Cokolla. — For petals to 
become staminoid is far iraia ancommon. It is a noi'mal con- 
dition in Alragene (Fig. 44, p. 141), whiL-h illcstrates the 
transition, and in Watcr-liliea, where a gradaal development 
of the anther cells is accompauied by a gradnal reduction of 
the petal to a filament. Ah abnormttl isstani^es may be men- 
tioned, a case of Foiglove which I have elsewhere * described 
as having the corolla split ap into strap-shaped antheriferoua 
processes (Fig. 72), and a Colambine in which the apnrs 




became cnrionaly coiled and bore pollen within the ti 
the coils (Fig. 73). 

Pistiloid petals are of rare oceDrrence. As an example is 
Begonia (Fig. 74, a), in which the apex of the petol was 
green and stigmatiforni, the basal part being broad, colonred, 
and ovnliferous. Fig. 74, b, shows a petal, ovoliferoos below, 
atigmatiferons at the snmmit, and antherifcrous midway ; 
c is a mdimentary ovule. 

Phooressivb Chanqbs in the Stamens. — The only cbu 
■ Joum. Zinn. 8oe. Bot., vol. xt., p. 86, tub. 3. 
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that Btamens can undergo in tfeia direction is to be more ] 
or less converted into piatillary structures. Tkis is ty i 

means nncomraon. Either the filament alone, or the anther J 

alone, or both together may be affected. The reader is | 





I 
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i/egonia [aHoT 1^1 

referred to Dr. Masters's Teratology for a description, with 
figures of several kinds," It is more usual for the filament 
to become enlarged into the ovarian part bearing rudimentary 
ovules ; but when the anther is involved, it may be partially 
or wholly transformed. in these cases the connective is 
usnally prolonged into a stigmatiferous process, f As aa 
example often described is that of the Honaeleek, in which 
the margins of the anther cells become ovaliferous in various 
degrees ; as iu Fig. 75, where ovules are borne by the pos- 
terior sides only, instead of pollen. In other cases the 
filament bears rndimentary ovules u 
points out that " where there in i 

' Page 303. 

f' In Aristolochia tbia cbange Beems to bo 

above, p. S3. 
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well. Dr. Masters 
combination of the 
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attribatea of the stamen and of tlie pistil in the same organ, 
the pollen is foi-med in the upper or inner surface of the leaf 
organ, while the OYoles arise from the opposite surface from 
the free edge." Segonia is a genus which ia peouh'arly liable 
to produce malformations in the atamens (Fig. 76).* Rosa 





is t affords a case in which the ovules were borne by • 
the anthers, and then they themselvea produced pollen. In 
these cases, whore the anthera are ovuliferous, the connective 
ia often mora or less stigmatiferous, as in Begonia {Fig. 76), 
which shows various degrees of metamorphosis in this way ; 
but the anthera may sometimea be stigmatiferous, as in 
Poppies, J or styliform as well, aa in Bamboos. § 

The complete substitution of carpels for stamens occurs 
in many plants, as in Mains apetala,\\ TuHps, etc., and ia 
extremely common in Wallflowers, If while it is by no means 
an uncommon occurrence to find male plants of normally 
dicBcions or moncecions character bearing female organs, 
though perhaps in these cases it ia often an addition, rather 
than a iifbetitution of one organ for another. 

• Sea Joum. of tin. Soc, xi. 473; Bot. Zeit. (1870), wn\. 
p. IBO, tab. ii. 

t J'jiiirn. of Bat., 1867, p. 318, tab. 72. I Teratolosy, j 

I Col. Munro, Trann. Lin. 8oc., vol. xxv]., p. 7- 
H Poitean et Turpin, Arbr. Frait, t. i:{SYii., referred to by : 
TaDdon, Th-atologie, p. 2S0. 

CallBd " Bogusa " by the market-gardaDers, as ths ooroIU : 
green. See Aim. dee 8ci. ZfaC, B e4r., ziii., p. 315, pi. 1. 
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CHAPTER XXIX. 

RETROGEEBBIVE METAMOBFHOSES. 

The PtsTiL. — Commencing with the pistil, there may be 
changes in the ovary, ovules, style, and stigraaa, separately 
or collectively. Instead of one or more 
ovnlea, a pistil may be formed within 
1 ovary, as sometimes occurs ia Wall- 
flowers, Grapes, Oranges, etc.* A sin- 
gnlar instance is described by Dr. 
Masters t of a Carnation, "the placenta 
of which bore not only ovules bat also 
carpels, the latter originating in a per- 
verted development of the former ; so 
that many intermediate stages could be 
traced between the ordinary ovule and 
3 ovary. Some of these carpels, thns 
derived from ovules, themselves bore on pin^nuT ot dmiiiiia 

J 1 -11 (lifter Hasiera). 

inaary ovnlea on a marginal pla- 
centa " (Fig. 77, a, carpel and section), the secundine, how- 
ver, being the only part developed (b). 

Stamens within an apparent ovary have occurred in 

• Teratolo^, p. 182. 

t L.c, p. 367. Perhaps the snppoaod "ovule within an nvnlo" may 
have been the micelluE anlj, more or lees free from the Beonndine. 




4 
I 



S96 THE STRUCTUHE OF FLOWERS. 

Benekia dioanurfolia ; ' but bb they grew on tliQ interior of 
the wall and not on an axile placenta, as is the normal cdii- 
dition in the MijrtaceiB, I expect that it was due to the 
staminal vascular cords branching off and coming out of the 
tissue viithin instead of at the summit of the hollow rccepta* 
colar tnbe, the carpels being more or less arrested. A not 
uncommon instance is to find the pistils of Willows with 
open ovaries and bearing one or more anthers on the margioa 
(Fig. 78, a). I have met with a similar occurrence in 
Banunoalm aitricomus (Fig. 78, 6). Pistils of other flowers 





I 



ng tB.-a, p. 

have been known to bear anthers in a similar way, u 
Ckamarops humilis, Pmnus,^ etc. 

Pollen within ovules has been met with occasionally, bs 
in Passifiora and Rosa arvensis.X 

la some members of the Gruciferis, as Cardwrnine pratensis 
(Fig. 73, a), round pods are formed instead of the nsnally 

• Teratology, p. 184. PoBBihlj the ovary was entirely nbaent, aai tha 
BtameoB would then be growing on the interior of a closed receptacolar 
tube, jnBt as carpels grow upon the insido oE the hip of a rose. 

t See Weber, Verhan Hung des Sat. Hiit. Vtreinea der Pr»Ms Bham; 
und Westpk., 1860, p. 381. " 

t Teratology, p. 185. 
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long Biliqaas. These are fnli of pttals, and if carefully 
examined appear to be whorled, with ti-aces of stamena and 
pistil within them; so that they represent flower-beds, but 
of which petals form the greater part; similarly, Rhodo- 
dendixins and other flowers are known to bear imperfect 
flower-buds within the ovary (Fig. 79, b). 

Anthers occupying' the place of stigmas appear to have 
occntred in Campanula,' Snowdrop, and double Tulips, 

The substitution of stamenH for the entire pistil is of a 
leas usnnl occurrence than the staminody of ita parts : for 
cases, the reader may consult Masters's Teratology.^ In a, 
species of Orchis, probably 0. Morio, the ovaries were wanting 
altogether, a long pedicel taking their place, and within 
the reduced and regular perianth were ttfo anthers on 
opposite sides (Fig. 23, a, p. 92), an apparent compensation 
in lieu of the pistil. 

The next and most frequent case of metamorphosis is 
that of conTersion of carpels, and usually the stamens as well, 
into petals, or the so-called " doubling " of 
flowers. This is usually accompanied by a 
change from whorls to spirals with a mnlti- 
plicatioo of the parts. Thus, in a double 
Wallflower, I have counted more than fifty 
petals spii-ally arranged. With regai-d to 
H the petalody of the pistil, as Dr. Masters 
■ observes, " this ia much less common than 
^P the corresponding change in the stamens. ^1,,^^^! 
^1 It generally affects the style and stigma ff'"^' "' J'»'i*"^ 
^B only, as happens normally in Petalostylia, 
H IrU, etc." t Fig. 80 illustrates a metamorphosed carpel of 
H Polyanthus, with a broad coloured appendage to the style. 
H In some double flovrera the carpels only are petaloid. 

H * TBToidogy, p. 300. t Ibid., p. 299. J tbid., p. 296. 
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This has been observed in Ane)none nevtorosa, eultivatefl 

varieties of RanuneulHS, Violet, and Genliana Amaretla. 

Retsouressite Metamorphoses ok Stamens. — For tho 
stamens to become petaloid, it ia extremely cominon, as in 
doable flowers, and such a change may represent what 
ia normally the case in Water-lilies, Canna, and Alragene 
(Fig. 44, p. 141). Changes may apply to the anther lobes, 
connective; oc filament, or to all together. Fuchsias often 
bear filaments with petaloid expansions of the apes, at the 
base of which are one or two anthers showing varying 
degrees of degeneration. This is a very similar condition to 
one in Petunia, described by Dr. Masters, in which the con- 
nective had developed into a green ronndisb blade bearing 
two anther cells at the base (Fig. 81).* In such cases, it 
seems to be the connective which has expanded oatwarda 
and become the blade of the petal or leaf. Similarly, in t 




doable Columbine petalody of the connective sometimes takes 
place (Fig. 82). t Commelina alia has also fnrnished a case 
of an anther lobe becoming petaloid. 

Causes of " Dobblibo." — There can be no doubt that 
petalody results from a weakened reproductive energy, espe- 
cially that of the androacium, which can become conatitn- 
tional and may be hereditary and transmissible by crossing;, ( 

• Teratology, p. 254. + Ibid., p. 293 
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Cases seem clearly to show that a barren and dry soil, as 
well as a verj dry atmosphere, are prominent causes for its 
appearance. Thns Mr. Darwin described a doable Gentiana 
Amarella* growing "on a very hard, dry, bare, chalky 
bank." T. S. Rpeaks f of a douljle Potentilla as "grow- 
ing along a high wall, on a dry raised bank close to a. 
beaten path, adjoining a gravelly field." Again, a writer in 
Gartenzeitung J allndes to the raising of double Stocks, and 
says that they should only have " jast enough water for 
their preservation," and that "the starved state of the 
plants " canses doubling. He alludes to Camellias, also, aa 
becoming double when grown in a dry soil. Kerria Japonica 
becomes double in Europe, in consequence of its missing the 
wet season of Japan. It is well known that, double Bowers 
are more easily raised on the continent than in England, 
probably from a like cause, as onr atmosphere is considerably 
more charged with moisture than a continental one. In 
raising doable Stocks, it is customary to procure seed from , 
the flowers on axillary shoots which have a weaker repro- 
ductive energy than those growing on the primary or central 
axis, the seeds being smaller and often misshapen. The 
above causes are, therefore, suggestive ; in that if a some- 
what elevated, dry, and poor soil, one devoid of phosphates, 
et«., be provided, the probability is that petalody will ensue. 
Having once shown a trace of the malady, florists know how 
to proceed in order to propagate and transmit the affection. 

There remains one other floral metamorphosis, and that 
is of petals into sepals. This condition approximates to 
escence of the corolla, so that in many eases anch a 
change could scarcely be called sepalody. But M. Godron 
has shown that when Eanunculus awicomus appears to be 

• Oard. Chron., 1843, p. 628 f Ibiil., 1866, p. 073. 

X Ibid., 1886, p. 197. 
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apctalous or to Lave a corolla consisting of a few petals only, 
it ia dae to the faot Ih&t the petals which are wanting ai'B 
really present, but have become calycine. 

OuiLJLN OF HoMOLOiiV, — Though we cannot penetrate into 
I he ai-cnna of life, nor trace the workings of ita forces which 
bring about the development of any organ whatever, I 
think we can at least reach the physiological starting- point, 
HO to say, of all these changes which I have briefly described. 
I have already mentioned that we may consider a vascular 
cord as the fundamental "floral unit," and aa all cords are 
identical iu chai'acter as long aa they are within a, pedicel, 
and, as fur as one can obEcrve, identical also in character 
even when they have penetrated the different organs, we at 
once see that there is a common source for each and all. 
Secondly, when we trace these coi-da from the receptacle or 
asis into tbe floi-al membei's, we soon discover that any cord 
can supply two, three, or more totally different organs with 
their respective branches, as in the case of Oampanula 
■medium, described above (p. 4A). Indeed, starting, say, with 
five cords in a pedicel, they can supply any nnmbei of organs 
ad lihiium,, however diverse in chai-acfer and however 
nnmeroua they may be. Hence, although normally each 
whorl is stamped with its own individuality, it is easy to 
imagine, in apcordance with the principles of evolution, that 
others may partake of it ; and so the characteristic features 
peculiar to one whorl can transcend its limifei, and influence 
others as well. 

Beyond some snch interpretation as this, I do not thiufc 
it is possible to go. 

In saying that a fibro-vascular cord can " give rise " to a 
sepal, or petal, or other organ, I need hardly remind the 
reader that I am only speaking metaphorically, in describing 
what one observes in studying the anatomy of flowers. 



CHAPTER XXX. 

PHYLLODY* OP THE FLORAL WHORLS. 
ViRESCENCE AND FOLIACEOUS CONDITIONS — SePALS, PeTALS, AND 

Stamens. — The last changes to be described, which are 
common to all the members of a flower, are Tirescence, when 
they retain their normal forms, but are simply green ; and 
foliaceous conditions, when they assume more or less a truly 
leaf -like form. 

Dr. Masters has given descriptions t of several of each 
kind of floral members as well as of foliaceous bracts, to 
which I must refer the reader for details. There are certain 
particulars, however, to which I would especially draw 
attention as throwing light upon the ordinary structure of 
floral whorls, and especially that of ovules. 

Taking the Alpine Strawberry as an illustrative case, the 
petals, stamens, and carpels are often more or less foliaceous ; 
but the petals retain a palmate venation, though the three 
leaflets of the ternate leaf are pinnately nerved (Fig. 83, a, 
fe). In the case of stamens the connective may be foliaceous, 
as in Petunia (Fig. 81) ; J also in the Alpine Strawberry 
(Fig. 83, a) and in the " Green Rose " the anthers are often 
persistent on either edge of a leaf-like intermediate part 

* The abnormal assnmption of a leaf -like oharacter. 
t Teratology, p. 241, seqq. 
X Ibid., p. 254. 
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(Fig. 83, c), A cnrioaB foliaceons modification is described 
by Miiller and figured by Masters,* in which the metamor- 
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Fig, 83.-0, FolllCCQU! 

phoaed Btamen had the appparance of two leaves united by 
their mid-ribs. It occnrred in Jatropha Fohliana (Fig. 84). 
Thia will be alluded to again, as pecn- 
liai'ly significant. 

Phyllodt of the Caepels and 
Ovules. — Thia is oi much more frequent 
occnrrence than of the ataniona. The 
first condition of change is to leave the 
ovary open and to expose the ovules ; 
the style may still be stigmatiferous. 
Tlie ovules then undergo phylloidal 
fiur changes of different degrees, and mncli 
discussion has arisen as to whether the 
uld beregai-ded as homologona with leaves, 
the nucellus being asial, or not, etc.f 

Since, however, anatomical observations clearly prove 
that both the primine and secundine issue out of tangential 




coats of ovules b1 



' Teratology, j 



+ L,f„ p. 2G2. 
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diviaiona of tho epidermal layer of the nnceltuB, one can 
hardly cnnsider these of tbeinselves aa homologous with a 
true phylioioe. But when wo find that each of the two sides 
of Rn anther celi can develop into a foliaceouH Btructnre, as 
in the case of the Jatropha alluded to above (Fig. 84), we 
eeem to have discovered a power of converting what is 
originally and simjily aa epidermal layer into a truly folia' 
ceous structure. Moreover, thia process is not infrequent 
in certain monstroua states of ovules, so that it wonld appear 
that any question of homology is, strictly speaking, out of 
conrt ia these cases. When the whole of an appendicalar 
oi^an becomes foiiaceons, then, of coarse, a true case of 
homology may be recognized. 

Origin, Detelopment, and Homologies of Ovules. — Tera- 
tology, here, I think, assiata ua greatly. With regard to tha 
strnctnre of an ovule, it firat appears as a papilla upon the 
placenta, the cellular tissue of which, with its epidermal 
layer, constitutes the first stage. Such may, perhaps, be 
considered as the rudimentary condition of the fnnicle alone, 
as the true ovule is formed at the summit of it. One or 
more of the apical aab-epidci'mal cells gradually develop into 
the nucellus, while the secundine is first formed by tan- 
gential division of the epidermis commencing at a certain 
place below the apex ; the primine, if present, subsequently 
following suit in the same manner." It is a noticeable fact 
that while an o\Tile thus complete is elsewhere general in 
flowering plants, the Gymnosperma and most orders of the 
Gamopeialm form I'emarkable exceptions, aa having only one 
coat to the ovule. In the former of these two groups it is 
doubtless due to a primitive condition being accompanied 
by other featui-ca showing affinities with cryptogams. In 
• See papet by Warming, Be VQiiile, Ann. Sea Sci. Nat., y nSTT) 
p. 177. 
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the latter, it ia due to reversion by an-est, and is likewise 
accompanied by a simpler origin of the nacellns and embiyo- 
Bac, as Warming has shown. The suggestion I wonld offer 
to account for this anomaly is that sucJi airest is due to 
compenaation. The GamopettiltB, as a whole, are the most 
advanced of all flowers tlirongh adaptationa to insect agency ; 
and as this invariably brings aboat an exalted condition of 
the corolla and stamens, the conseqnence is that the pistil 
baa to auffei- ; the first visible result being protandry, accom- 
panied by a temporal arrest in the development of the pistil. 

If this tendency to arrest bo carried to the OTUle, it may 
be affected too, and the result la that one, the last-formed 
coat, may be arrested altogether. Orchida, as shown above, 
illnstrate this principle remarkably well, aa their ovules, 
though possessing two coats, are aa degenerato as in many 
parasitic plaota (see above, pp. 172 and aSl). 

Tracing tbe origin of an ovule, then, from ita birth, it 
first appears as a papilla on the placenta of the carpel. A 
branch from the mai'ginal fibro- vascular cord of the carpel 
enters it from below, and reaches at least as far as the 
cbalaza, or base of the nnoellas. It may go no fui'tlier, as in 
rudimentary ovules of Orchis; or be arrested in the form of 
cambium in the degraded state seen in the parasitic TliesiiiTii. 
On the other hand, aa the ovule becomes a seed and the coats 
go to form the seed-skin, fibre- vascular branchings may occur 
all through the lattei', being developed from the original cord. 
Such may be well seen in Mastard, Acorns, Beans, and the 
Coco-nut. 

Although the coats of the ovale were originally form.ed 
by tangential division of the cells of the epidermis of the 
nncellus, when united to form a seed-skin, this baa become 
thickened by a cellular growth between them, through which 
the cords then ramify. 
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Pistils which, have reverted to a more or less foliaceons 
charactei- bear ovules which often become foliaceoas as 
well; and then a not Tinconimoa procedure ia the develop- 
ment of a cup-like Btrttcture, probably composed of the two 
ovular coats, on au elongated stalk, with a rudimentary 
nncellus within, but more or less perfectly free from it; or 
it may not exist at all. 

The late Prafessor Henslow described a monstrona con- 
dition of Mignonette with figures of ovules in this condition.' 
T hey wereaometimea 
replaced by minute 
le.Te.(Kg.85,c);or 
else in the place of 
each was a cnp-like 
atructure, elevated 
on a long stalk, with 
an egg-like nncellus 
within, but quite fi-ee 
from it. He likened 

it to the theca of a Fig.B6,_F„|iaceous.n.lni"UinoiT,hc«do¥T.lHiotMlBiio- 

moas with its cenh-al "'"* ^'^'" ^'- ^- "■ "™'<'"'- 

coluraella. Comparing these two modifications, represented 
by Fig. 85, a and 6 with c,— or, again, those of Fig. 86, a 
'), — the interpretation seems to be that the fibro-vascular 
cord passing np the fuuicle of the ovale becomes a petiole, 
ind its prolongation constitutes the mid-rib. The secundine 
ind primino with intermediate tisane become the blade, as 
leen in the foliaceons states of ovules, and constilnte the 
' cnp " when they assume that form. 

A similar process, I think, qnite e:(plains the origin oE 
the foliaceoua processea of the stamen of Jalropha, repre- 
sented by Fig. 84. The entire stamen is, of course, really 

• Trans. Camb. Ph,L Sic, voi. v. 
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homologous with one leaf alone ; bat the membranes belong- 
ing to each anther, being of, at least, two lajera of 
have become fol: 
has done in tl 






9, just as the epidermis of the tmcelluF 

I cases herein described ; so that, in the 
Jalropha, two leafy esponsiona were 
developed out of one. 

Other instances are known of OTnles 
being represented by leaves, as Frimula 
Si jwtMi's, S'ji'iph.ytun oJRct'naJe,* and 
Sisymhrium, AlUaria (Fig. 86). 

Theoretically, it might be objected 
that a leaf (carpel) should give rise to 
a leaf (ovule or, at least, ovular coat) j 
but foliaceoua escrescences from a leaf- 
,„ies surface are not at ail unoomraon, as, 
ft^m"!vnl f'"" example, fi-equently occnr in Cab- 
bages,! where, in consecjueoce of bigh 
inducing hypertrophy, any " rib " or " vein " 
a branch ivhiuh can form a leafy expansion, 
which not at all infi-equently becomes 
funnel-shaped, like the abortive ovules of 
the Mignonette. Similar funnel-shaped or 
tubular prodoctiona are found on corollas 
of aemi-double flowers, as in Primulas, 
Cyclamens, AntirrhimiTii, etc., sometimes 
externally. Fig. 67 represents a like out- 
''«,,« ™ttriXi"'c^t growth from the labellnm of Ciittlei/a 
ouifcjFa jfcHiM. Mosaiem; and I have seen the posterior 

sepal of Vanda catrulea replaced by a pedicel with a cup at 
the apex exactly like the terminal process in Fig. 85, a. In 
all these cases I 
hypertrophy. 

• Teralology, p. 
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As another curiuns instance a remarkable form of the 
SuQ-dew, Droaera rotundifolia, may be allnded to here, aa 
throwing additional light upon the origin of ovules. It has 
been described and fignred by Naudia,* and also by Plan- 
chon.'l' In this monstrosity the ovular coats were represented 
by " tentacles. " These, as is well known, are not epidermal 
trichomes, but sti'ucturea issuing from branches arising from 
the fibro- vascular corda of the leaf, and are therefore strictly 
homologous with the " funneja " on cabbage leaves.J 

The conclusion, therefore, which seema deducible from 
the foregoing observations ia that an ovule ia simply aa 
appendage (not a bud) to the fibro-vascnlar cord of the 
margin of the carpel, and under monstrous conditions can 
grow into foliaceona excrescences to the carpellary leaf. It 
is not, therefore, axial io its character. Since all that is 
reqnired to start from is a fibro-vascular cord, this may be 
furnished by any cord, cvou the mid-rib ; and such ts 
in Home monatroua states of Fritmda^ ia which radiinents of 
ovnlea are found on the m.id-rib8 as well as on the margins of 
separate cai'pels. 

As the "funnels" on the mid-ribs and lateral veins of 
cabbage leaves ai'e due to an abnormal condition of hyper- 
trophy, BO ovules I consider as arising in a similar way, and 
take them to be due to the same influence, though of course 
it ia normal in their case. The very presence of the large 
cords running up the margins of carpellary leaves, direct from 
the asis below, — being often, indeed, larger than the dorsal 
cord, — which then ramify, not only into each ovale, but often 
backwards within the carpellary walls till they reach and 

• Ann. iTbb Sci. Sal., 2* aer., vol. liv., p. 14. 
t Ibid., 3' s^r., vol. ii., p. 8G, tab. 5, 6. 

X The "pitchers" of Nepentbea, perhaps, orJBiDate in ranch tlie 
game wa;, from tha original water.gland at the apex of Ibe leal. 
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anastomose with the dorsal oord ; these, together with the 
greatly thickened cellular margins now conHtitnting the 
placentas which supply the conducting tissue for the pollen- 
tubes, all show a fonn of hypertrophy in the edges of the 
carpellary leaves, a condition of things widely different from 
the usually thin and more or less impoverished margins of 
true leaves. 

If we may recognize a Eibi'o-vasenlar cord as the " f anda- 
caental unit," and as a basis for the construction of any 
organ, and moreover as also containing within it poten- 
tially the power of evolving any number of similar organs by 
repeatedly branching; then, when hypertrophy affects such a 
" unit," it may branch once, twice, or any number of times, 
when each branch passing off to the Barf ace can lay the founda- 
tion of a repetition of the organ from which it takes its rise." 
Attention has already been called to this origin of the 
numerous stamens of the Malvacets, and how certain forms 
of double 6ower9 originate from the mnlti- 
plication of the petaline cords, ea«h branch 
of which issues in a distinct petal, as in 
Snowdrops. 

Similarly for carpels and ovules, the 
process of multiplication can be witnessed 
both normally and abnormally. On the 
Fig.ea,— MuiitfoidcanKiB one hand, that of carpels into five gi-oaps 
ftQina"»LtbrSprim- occurs in the Hollyhock through the 
™"' chorisis of the original carpellary cord ; on 

the other. Fig. 88 represents a maltifold carpel of a Prim- 
roae, due, there is no doubt, to a like chorisis of the cords 
belonging to one individual carpel. 

Similarly for ovules, while two only are normally charac- 
• I muat again remind tbo reader that I am here speaking meta^ 
phorioally ; as wn do not know whercsin this potentiality really liea, hot 
can only describe what is aotaally viBible. 
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fcerifltic of the Flam, and Orcliis has an innumerable qnanlity 
arising by repeated chorisia of the original placentai'j cords, 
so in monatrona Primroaes, etc , as represented in Fig. 88, 
many additional ovular processes may be formed, not only on 
the margins, but even, as stated, on the mid-riba. 

One other point may be here noticed, a propos to the 
following cnriona discoverj by M BaUlon. I have regarded 
a vaacnlar cord as a " unit," a»s being capable of giving rise 
to any appendage whatever ; and as long as it ia in an axis 
as a " trace," the corda of all organs are absolulely indistin- 
guishable. Further, there is no difEerence between a cord 
which will enter an appendage and one vphich will form a 
pedicel from a peiinncle. In the latter case, sevei'al cords 
are usually required for the pedicel; while one, the most 
external of the " horseshoe " group given oil at one side of 
the pednocle (i.e. as seen in a transverse section), enters the 
bract. In Erodium cieuiarium, which has three flowers to 
the umbel with vcvy slender pedioela, one single cord Is all 
that the peduncle contributes to supply each of the pedicels, 
and one very amall coi-d for a bract. The cord for the pedicel 
increases by radial chorisia, and so pasaes from the form of a 

dge to that of a fan, when the outermoat parts increase 
till they meet, and so a cii'cle is eatabliahed. 



I shows that 

fundamentally due to the si 

The reader will now a 

the fnnicalar cord, which 

appendicular organ, supplied 



leaves can give r 
pagative purposes. 

• Sur h DSveloppement et la Qermina 
Amaryllidiei, pur. M. Baillon, Bull. Soc. d 
^ Court Set. Lyon, Aoflt 30, 1873). 



) kind of " anit." 
that in the following case • 
normally that of a foliar, i.e. 
axial cord ; just as many 



s to bada which are often utilized for pro- 



n del Grains Bulbi/orm^s dti 
Fr., t. ixi.,30 {pnb. en Revue 
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" LeB balbillea des Amaryllid^es ne soot pas touj 
grikincs rdritables modlRt^es seQlcment qaaut a. repaisaenr et 
h la consistance de lenrs diverses coaches natarelles, notam- 
nient dea plus exterienreB. Temoia 1e Caloetemma Cunning- 
hamii. Ici, par una singnliure transformation de I'oviile ea 
bnlbe, la cbalaze, en a'epaissisxant, jone le r61e d'nu veritable 
plateau, snr leqnel se pivduisent one, puis plasieura i^cines 
advcutives. Lea enveloppea ovulaires tienno alars lieu 
d'ecailloB bulbaires tandis qu'il a'eleve dana le sac embryon- 
naire nti veritftblo bourgeon parti do la chalaze comme 
Buppoi't et a'ccbappant par son sommet de la cavite ovulaire 
poui- so coniporte enauite coraniB une plante complete." 

An analogous case of bnlbs arising from a foliar organ 
occurred witb Scilla Sihirica. Somo plants dug up in October, 
1887," were found to have taken the form of the so-called 
" droppers " not nncominon in tnlips. Their pecnliarity 
reEidt-B in the fact that the tubular Icaf-sheath bends and 
growB downwards, thereby carrying the axillary bulbil to a 
greater depth in the soil than usual. In February, 1888, on 
re-examining them, Dr. Masters disoovered that from one to 
four bulbils had been developed at different heights within 
the tissne of the tubular sheath, being in connection with the 
oorda of the latter by means of a transverse nesus of tracheida. 

I refer to these cases as being curious instances of asial 
structures proceeding from fob'ar — i.e., by the change of 
character of the fibro -vascular cords from being at first 
foliar and then axial. They support the theory of homology 
of leaf and axis, which is, of course, otherwise quite efficiently 
substantiated by such plants as XylopTiylla, Ruscua and the 
Oactacem. 

* Ga/rd. ChTon. for Oot. 15, 1887, p. 475, fig. 98, " droppers ; " also, foe 



Haich 3; 



i, p. 2T6, flg, 45, ditto, with balbila. 



CHAPTER XXXI. 

THE VARIETIES OF FERTILISATION. 

There are at least seven kinds of nnion : — (1) self-fertilisa- 
tion, or the fertilisation of a pistil hy the pollen from the 
same flower (Autogamy) ; (2) crossing different flowers on 
the same plant ; (3) crossing flowers on different plants of 
the same stock ; (4) crossing flowers of different plants, but 
of different stocks ; all the preceding being of exactly the same 
form or variety of species ; (5) crossing varieties of the same 
species ; (6) crossing different species of the same genus ; 
(7) crossing different genera of the same order. 

When a knowledge of the floral sexes was first acquired, 
the idea maintained was that hermaphrodite flowers were 
specially adapted for self-fertilisation ; but it was, I believe, 
Dean Herbert who first observed the importance of crossing, 
in his work on the Amaryllidacece (1836). He says, " I am 
inclined to think that I have derived advantage from im- 
pregnating the flowers from which I wished to obtain seeds 
with pollen from another individual of the same variety, or, 
at least, from another flower rather than its own, and espe- 
cially from an individual grown in a different soil or aspect." 

Mr. Darwin's work, On the Gross and Self Fertilisation 
of Plants (1876), placed on a scientific basis, by means of 
experimental verifications, the exact values of such crossings. 
His conclusions, however, require considerable modifications. 
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Thej an trae for at leaat the first few yeai-a ; as in but foni 
or fiva oases only did he exceed the third genei-ation ; 
And when lie prolonged them to sevea generations, as in 
Mimulus luleus, and tea in Iponuea, purpurea, his resnlts 
began to assume a very different complexion. 

The inference dedacible from his experiments is that 
careful and artificial crossing generally introdacea a remark- 
able stimulus for a time; but the effects are not permanent. 
On the other hand, a perseverance in self-fertiJisation pro- 
duces results which are much more stable ; so that, finally, 
self -fertilised plants (i,e the successive off-spring of this 
process) outstrip their competitors. Florists also find that by 
coutinued crossing the flowers of a species they soon reach 
the end of their tether, and no further progress is obtainable. 

Secondly, Mr. Darwin failed to realize the fact that self- 
fertilisation predominates in nature with the vast majority of 
hermaphrodite plants, whether they be adapted to insects op 
are inconspicuous and adapted for autogamy. 

Thirdly, he misinterpreted tho meaning of degeneracy, 
which often accompanies self-fertilisation ; thinking that it 
involved constitutional injuriousncss, of which there is no 
trace whatever in nature. 

Lastly,* he, and otlier writers who have followed him, 
wrongly inferred that adaptatioTis to insect ngeucy implied 
a converse " purpose," viz, to avoid aelf-fertiliaation, instead 
of regarding them aa the inevitable results of the stimulus of 
intercrossing and of the visits of insects. The danger of 
this h priori, deductive, or teleological reoBoning, without any 
attempt at verification, lies in the fact that it is untrast- 

■ I mnst refer the reader to my paper on The Sel^-feriUisation of 
PlantB, in whioh I bare dealt with these points. It was written 
bnt I have met witb nothing aioce to invalidate the above coiiDlasiol| 
bat, oa the oontmrj, very mnch in support of them. 
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worthy. It may or may not bo tme ; but it is of no vaJne 
unleBB fchoronglilj tested, by experiment and verified. Thaa, 
foi" example, Mi'. Darwin, in speaking of the movements of 
tho Btigraatic lobes of Mimulus, saya " Mr. Kitchener has 
ingeniously esplained the use of these movements, namely, 
to prevent the self-fertiliBation of the flower." He, however, 
experimented with this plant, and then discovered that " if 
insects are excluded the flowers fertilise themselves perfectly, 
and produce plenty of seed." • 

Again, it has been argued that we are justified in aasnm- 
ing that the remarkable adaptations to insects, which are bo 
obvious in many flowers, masi be of some use to the plant, 
even though we may not be able to discover it. Thia state- 
ment, however, is just as ranch an a priori and deductive 
assumption as the preceding, and is quite valueless nntil 
veiified ; and it is only by means of such experiments as Mr. 
Darwin laborionsly carried out, that the real value of inter- 
crossing and self-fertilisation or other kind of union can be 
ascertained. Thus, e.g., the Garden Pea is undoubtedly 
adapted to insects, like other irregular flowers ; but experi- 
ments proved that " a cross between two individuals of the 
same variety does not do the least good to the offspring, 
either in height or fertility." t 

* Croat and Self Teriilinatiim, p. 64. Ah anotlier iastBnoe of an d 
prvrri dadnction, Sacha eaya of Epipactit latifulia, " The flower left to 
itself does not get fertiliawi, tor tbe pollen-raaaaeH do not spontonoonsly 
full out of the anther ; and even if the; did, would not come on to the 
BligmaticHnrtaoe" (Teg.Phys., p. 796). Mr.A. D. Webster, however, has 

IobserTBd that E. latifulia ie very imperfeotlj' fertilised, for, although 
visited by insecta, croas-fertilisBtion seldom takes plaoe; that "self- 
fortilisfttion by tha pollen falling spontaneoiiflly on tha BtigmB is not 
nncommon, as the polIen.maBses . . . become friable, and before the plant 
nitbera, either apontaneoiisly or by tha action of the wind fall on the 
Btigma" {Bat. Gas., sii., p. lO-t). 
t L.C., p. 264. 
29 
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Moreover, however greatly we may feel impressed ■with 
the truly wonderful adaptntions of flowers, a, careful and 
critical study of them reveals many featares which seem 
to counterbalance, to some degree at least, the " good " we 
nay in tbe first instance be inclined to assnnte as self' 
evident. Indeed, the disadvantages accruing from great 
differentiations in adaptation to insect agency are really too 
important not to have been frequently noticed. Such are, 
"heroogamy," or the mechanical obstruction to self-fertilisa^ 
tion, aa in Orchids ; the physiological barrier, as in Idnwi 
perenne ; the absence of insects required to fertilise a flower, 
as is the case with Convolvulus s^ium in England, which 
rarely set« seed, as Sphinx Convolvuli is a rare insect; the 
frequent absence of bees, etc., in inclement weather, when 
Clover seta but little seed, to the gi'eat loss of the farmer ; 
when certain flowers are neglected for greater attractions, 
as may be often Been when bees keep persistently to one 
species of plant and pass over others ; the freqaency with 
which bees perforate tubular flowers without pollinating 
them at all. Again, Mullor points out* that while honey- 
eeeking insects may legitimately cross heteroatjled plants, 
poll en- seeking insects have no need to thrust their heads or 
probosoides down to the stigma of the short-atyled forma ; 
hence such tend to bring about illegitimate unions of the 
long-styled forms only. This, he thinks, may be a canse of 
the greater fertility of that kind of union t Ijigtly, the 
more highly differentiated a flower is, the less is its nnrabep 
of insect visitors and the rarer may it become in nature. 
Thus orders of plants with easy access to the honey are 
some of the niost abundant, as Rarmnculacem, Compositce,'^ 

• Ferlilisalion, etc., p. 387. t Sob above, p. 20G. 

J The enormoua number of species and ttMb difEaBian of tlia Qom 
poHhs ore proofs of the advantageB accruing to it from tho p 
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and Uinbelli/eree ; as well as are those dependent upon the 
wind, which never fails, such as Willows, Cyperacew, and 
Graasea. On the other band, all regularly self-fertihsing 
plants are abnndant, and, together with certain wind- 
fertilising plants, are cosmopolitan. 

Although the idea that self- fertilisation is injurious is 
certainly not held now by botanists in so absolute a form as 
Mr, Darwin often stated it, yet it will not be amiss to point 
out the want of agreement between his conclusioos and his 
own experimenta. 

In a chapter on " General Results," * he commencea by 
saying : " The first and most important of the oonolusiona 
which may be drawn from the observations given in this 
Tolnrae, is that cross -fertilisation is generally beneficial, and 
self- fertilisation injurious. This is shown by the difference 
in height, weight, constitntional rigour, and fertility of the 
offspring from crossed and self- fertilised flowers, and i 
Htmotnro of tho flowera i firat, in being adapted to a, great Turiety of 
inaeotB. Thas, on ten apcciea of plantJ, Muller (leteiitBd 5'16 apoeiei 
inaeots, in tho following proportions, Lepidoptera, IB p.o. i ApidfB, 
p.c. ; Diptera, 27 p.o. ) other short -ton gnod insects, 17 p.o. Bi 
therefore, are the chief visitocs. This ia almoat inrBrinbly the rnle ; 

bia table in whicb ahort.lipped 
ia Ckryianihemum leucatithemum, 
length, in whiob the honey ri 
idly BCceasible. The nnmber of 
; Apidee, 16'6 p.o. ; DIptor 



■B the chief visitocs. This ie 
only apooies mentioned by Muller in 
insects anrpaaa in nnmber the Apidee 
which has a corolla tnbe, 3 mm. in 
np into the widening throat and is e 
Lepidoptera ja in the proportion of G'f 

3S-9 p.o. ; others, 37-5 p.o. In Achillea Millefolium, with a oorolla tuba 
o[ 3 mm., Lepidoptera are 6-9 p.c. i Apidte, 34-5 p.c. i Diptora, 24-1 
P.O., and others, S4'5 p.o. Lastly, in Centaurea Jacea, with a tnbeof 7 t< 
lOmm., thoLepidoptera rise to 2? p.c, ; Apid», 58'7 p.c; while Diptera 
sink to 12 '5 p.c, and other ahort-lipped inaeots are only 2 p.c. 

The Composites tins well illustrate the fact that tubes are propor- 
tionate in length to the more apocialiied insects, a universal featuM 
seen in all other orders as woll. 

* Crasa and SelJ FertilUation of PLtmte, p, 138. 
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the nainber of seeds produced by the parent plants, 
respect to the second of these two propositions, namely, that 
BcH- fertilisation is generally injnrions, we have abundaDt 
evidence. The strnctnre of the flowers in such plants aa 
Lnbelia ramosa. Digitalis purpurea., etc., (1) renders the aid. 
of insects almost indispensable for their fertilisation; and 
bearing in mind the prepotency of pollen from a distinct 
individual over that from, the same individnal, such plants 
will almost certainly have been crossed during many or all 
previous generations. So it must be, owing mei-ely to the 
prepotency of foreign pollen, with cabbages and various 
other plants, the varieties of which almost invariably in- 
tercross when grown together. The same inference may 
be drawn still more surely with respect to those plants, such 
as Reseda (2), and Bschscholtiia (3), which are sterile with 
their own pollen, but fertile with that from any other 
individual. These several plants must therefore have been 
crossed during a, long series of previous generations, and the 
artificial crosses in my experiments cannot have incret^ed 
the vigour of the offspring beyond that of their progenitors. 
Therefore the difference between the self -fertilised and 
crossed plants raised by me cannot be attributed to the 
superiority of the crossed, bnt to the inferiority of the self- 
fertilised seedlings, due to the injurious effects of aelf- 
fertjlisation." 

Mr. Darwin then proceeds to discuss the first proposition, 
" that cross-fertilisation is generally beneficial," so that we 
may conclude that the preceding quotation represents the 
author's reasoning and conclusions on the idea of there 
being some " injuriouBness " in self-fertilisation. 

In the first place, it may be observed that the reason 
why Mr. Darwin's crossings yielded at first more marked 
results in height, fertility, etc., is because plants are never 
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BO carefully crossed io nature, nor fielf-fertilisation so cai-efully 



prevented, 

IB that the two pi 

the case of most plants. 

more nnajloyed influent 

more enhanced atimului 

Moreover, the prepotency of foreign polli 

lays Bti«ss, ia a purely relative pbi 



hia experimenta. The probability 
are mnch more mixed in natare ii 
Therefore, by his expeiiments the 
of crossing brought about a much ] 
than ever occurs in the wild state, 
upon which he 
; for whenever 



Belf-fertiliBation yields more seeds than intei-crosaing, j 
often the case, it ia a just inference that the pollen " of the 
same flower" is then prepotent, in its turn. Indeed, Mr. 
Darwin actually found that in Kome cases intercrossing did 
no " good " at all, as in the case of the Garden Pea mentioned | 
above, and in Canna Warscewiwi, etc. 

I will now add some observations upon certain points * 
I have numbered in this paragraph. 

(1) ThgitLoleliii ramosa a,ad Digitalis purpurea, and many 
others given in a "List of Plants Sterile without Insect-aid," ' 
cannot readily fertilise themselves nnless the flower be 
disturbed in some way, is, per se, no proof that self -fertilisa- 
tion is injnpious; for the flowers of many of anch plants are 
fully self-fertile when artificially assisted. Thus, Mr. Darwin 
says that although Lupinus luleus and L. pilosus seed freely 
when insects are excluded ; yet Mr, Swale, of Christchurch 
in New Zealand, found Lupins only formed poda of seed 
when the stamens were artificially released, as they are not 
there visited at all by bees.f The interpretation of this 
fact, ao well known that the term " hercopainous " J has 
been invented for it, I take to be an immediate result of 

• Crosif and Self FertUisativn, etc., p. 357. 
t L.C., p. 150, note. 

t H I remanibBr rightlj, by Errera ; bbb Bull, de la Soc. Bat. de Belg., 
zvii. (1S67). Tba term means a >' fenced-oS imion." 
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the action of insects. I have given reasona for believing, an" 
tho reader can readily suggest other inatances, that structnral 
ppculiaritiea have grown in response to pressures and thrusts 
made upon tho floral organs by the insects themselves ; 
find that such have sometimes produced protuberances or 
obstructions in the way of the emission of the pollen npon 
tho stigma of the same flower, is no more than might be 
anticipated to be ostremely probable. Thus one of the 
most remarkable is the roatellum of Orchids, believed to be 
a modified stigma now converted to a new nse. In nearly- 
all Orchids this blocks up the way of access to the stigmatic 

it, so to say ; bat when Orchids become self- fertilising or 
even cleistogamona as well, this is often brought about by the 
degradation of the rostellum ; so that the pollen masses can 
then easily slide over the aiimmit of the stigmatic chamber 
and fail into it at once. When they do so they are fully 
self-fertile, as Mr. Henry 0. Forbes has shown.* 

Some few plants are qnite barren with their own pollen, 
even when artificially placed upon the stigma ; though 
Lobelia and Digilalia do not belong to the group. These, 
as shown elsewhere, can and often do become fully fertile 
at other places and aeasona, and are thereby benefited by 
acquiring the possibility of setting seed by self -fertilisation, 
aa otherwise they might Bet none at all. 

There are, then, three kinds of barriers to self -fertilisation: 
one mechanical, as in Orchids ; a second, that of time, when 
e.g. a flower is so strongly protandrous that the pollen is all 
shed before the stigmas are mature ; and, thirdly, a physiolo- 
gical one, when the pollen is actually impotent on the 
stigma of the same flower, even though it be homogamous. 

• On the ContriranceK for insttring Self.fertiliiaiioit in Some Tropical 
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In no case is it logical to say that sucli arrangements aro to 
prevent self- fertilisation. We may well ask why ai'e a 
comparatively few plants thus provided for, and yet the 
vast majority are not. IE, hovrover, wo regai'd them as 
results of diSei-ontiation brought about by the stimulns of 
insect agency — so that in certain places hypertrophy has set 
in and rendered the flower hei'cogaraoua, in others the 
andrceciutn is so stimulated and its development bo hurried 
on that the flower becomes protandi^ous, or its pollen ao 
highly differentiated as to becomo like that of a distinct 
species, — we have a reasonable iuterpretation for these 
phenomena. Moreover, not one of them is absolute or stable, 
8 Orchid can become self-fertilising;" 



• Since the above was in type, Mr. H. N. Ridley haa read a papar, 
at B, niBBtiug of the Linneon Society {Feb. 16, 1888), on "The Self- 
fertiliaation of Orchids," in wbich ho Rrrivea at the bbtdb canclosiona 
as Mr. H. 0. Forbes (see above, p. 253, note), findiug that the prooew 
ia effected iu several ways, espeoially, perhaps, b; the degeneration of 
the roHtellum. Moreover, the Orchids which he discovered to be capable 
of fertilising themselves are not ouly the most nnmerooH in indiyidualB, 
bat are also the most widely dispersed of the genera to which they 
respectively belong. He also corroborates Mr. Forbea'flobEervacjons.that 
Orchids Bet bnt a small percentage of their fruit, although fully exposed 
to the visits of insects. 

Mr. H. Veitch has also oontribntod a valuable paper on the 
"Hybridisation of Orchids," in whicb be appears to corroborate M. 
Gnignard'a observations in every particnlar (see above, Chap. XVIII.). 

The reader will tako note of the significance of the fact that irben 
Mr. Darwin published hia work on " The Fertilisation of Orchids," it 
was thonghli that no Sowers could eqnal them in their rctnarliable 
odnptations for aeenricig the benefits of iateroroBsiog by insect agency, 
and in their methods of "preventing aolf.feitiiisation." Yet, of all 
flowering plants, evidence now tends to show that they set the least 
amoant of seed, even when fnlly exposed to insects ; while the order 
has furnished materials for two important papers oa the many forma 
and waya by which self-fertiliBation ia secured in different geneia. 
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the strons^ly protaiitirous Carnation can be made to be* 
highly Bolf-foi'tile, its Mr. Darwin showed; nuA Linum perenne 
can have Its pollen so modified as to set seed abnndtintlj in 
the same llowor, as occurred with Mr. Meehao in Philadephia, 
though it was phyaiologiaally impotent in England. 

It is, in fiLct, so to say a mere accident that mechanical 
and physiological bari'iera exist at alt ; and it is only by 
experiment that ono can discover whether a flower so 
conditioned may not bo really capable of self- fertilisation all 
the time. Indeed, Mr. Darwin's experiments have abundantly 
shown that self-fertilising propertiea are qnickly reacquired, 
whenever the process is persevered with. For example, 
Esckscholtsia Californica was " absolutely self-sterile " in 
BraEil. Mr. Darwin, however, by self-fertilising it in Eng- 
land, raised the fertility in two generations to nearly 87 p.c. 

When he asserts that his artificial crossings could not have 
increased the vigour of the offspring, and therefore all differ- 
ences must be attributed to the inferioi'ity of the self-fer- 
tilised, this argument woald apply to a certain number of his 
eiperiments in different degrees, viz., with plants normally 
Belf-sterile ; bnt he ignores the fact that, as soon as he tried 
to raise a atoct of selE-fei-tiliBed plants, the latter steadily 
gained upon the offspring of the crossed, till they equalled 
or surpassed them, or else would have done so had the 
experiments been continued. 

Thns, with regard to Lobelia ramoaa, the ratio of heights 
of the "intercrossed" to the " self-fertilised " offspring of 
first generation was 100 : 82 ; and the proportion of seeds as 
100 : 60. In the second year, those growing under what he 
had proved to be the most disadvantageous condition for 
self- fertilised seedlings, namely, being crowded, the ratio 
of the heights became as 100 : 88'3. The esperimBi 
unfortunately, was not continued further. 
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Comparing this plant with L. fulgena, which is also qnite 
sterile without aid, and, according to GBi'tner, is "quite 
atenle with polleu from the same plant, tbongh this pollen 
is efficient on any other individual," * Mr. Darwin suc- 
ceeded in raising self -fertilised plants by keeping the pollen 
of a Sower in paper till the stigmaa were ready, as it ia 
ati'ongly protandrous. The heights of the offspring wore as 
100 : 127, and Mr. Darwin adds, " the self- fertilised plants 
[in two ont of four pots] were in everj respect very much 
finer than the crossed plants." 

In the next generation he used pollen from a different 
flower on the same plant to represent self- fertilisation. In 
this case those " self-fertilised " wei-e only 4 p.c. below the 
crossed, the ratio being as 100 : 06. The conclusion, then, ia 
that self-fertilisation pure was the best ; intercrossing distinct 
plants, less so; and crossing ou the same plant, the least. 

Diaidhua, like Lfihelia. fnlgen^, is strongly protandrons ; 
but in the third generation the proportional number of seeds 
per capsule was as 100 : 125. " This anomalous result is 
probably due to some of the fertilised plants Laving varied 
BO as to mature their pollen and stigmas more nearly at 
the same time than is proper to the species " (p. 135), 
Exactly so. 

The conclnsion I wonld draw is, therefore, not that eelf- 
fertilisation is per ee in any way injnrions, but that flowers 
which are normally sterile, by having become so highly 
differentiated thj-ough insect stimnlation, do not now spon- 
taneously set seed ; and self-fertilisation is not bo efficient 
as crossing. As soon, however, as the former process ia 
persevered with, signs are not wanting of nature's showing 
eveu an eager response to it, till the results are ofteu far 
superior to those normally obtained by intercrossing. 
• (,'roM and, Self FerlilUatinn, Bto, p. 179. 
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If flowera, unlike the pi-eceding, are normftlly very self 
fertile, as Ipomiea and Mimv.liia proved to be, tLen it appears 
that interci'OBKing supplies a remarkable stimulas, and the 
intercrossed boat tlie self- fertilised for a time. Sooner or 
lat-er, however, the effect of the Btimnliia gradnally dis- 
appears, and self- fertilisation reasserts itself. Tliua witli 
Iponuea purpurea Mr. Darvrin. raised crossed and self- ferti- 
lised plants for ten generations ; and the heights of the 
latter were 2-4, 21,32,14, 25, 28, 19, 15, and 21 p.c.,» respec- 
tively, leas than the crossed. Gitjuping these into thi'ees, 
the rafciofi become 100 : 74-3 ; 100 : 776 ; 100 : 81-6. That ia to 
Biiy, the intercrossed were steadily declining j for if the self- 
fertiliaed he regarded as 100, then the ratios of these to 
the crossed appear as follows : 100 : 134 ; 100 : 129 ; 100 : 121 
Similarly with regard to fertility, the ratio of that of the 
intercrossed plants to the self-fertilised was for the first and 
second generations as 100 : 93 ; for the third and fourth, as 
100 : 94; for the 6fth, as 100 : 106; and the eighth, as 
100 : 113. Hence the self -fertilised were snperior. 

Mimulus luterts gave analogons results. The crossed 
plants (i.e. offspring of crossings) surpassed the self-ferti- 
lised until the fourth generation, when several plants of the 
latter assumed a taller character, with whiter blossoms. 
This self-fortilising form "increased in the later self-ferti- 
lised generations, owing to its groat self -fertility, to tho com- 
plete exclusion of the original kinds," t " It transmitted its 
character faithfully, and aa the self -fertilised plants consisted 
exclusively of this variety, it was manifest that they would 
always exceed in height the crossed plants." J 

• Thpflo nnmberB correBpond to tlie first nine yeara. The tenth givee 
46; but Mr. Dnrwin tliinka this nnniber to have boeu acoidental (p. 41). 
+ Cross and Self Fertitieation, p. 67. 
j Ibid., p. 70. 



tieu acQiaeutiai ^i. 41J. ■ 



THE VARIETIES OP FERTILISiTION, 

(2) With regard to Jieseda and Bachscholtzia, his obaerva- 
tiona are also somewhat misleading. Mr. Darwia experi- 
mented with B. lulea and B, odorata. Thoy are both very 
capricious. OE R, latea eome individuals were absolntely 
self-sterile, whether left to themselves oi- artilifiaily polli- 
nated, while a few prodnced self-fertilised capsules. Simi- 
larly with R. odorata, when protected by a net some plants 
were loaded with self- fertilised capsules, others pi-oduced a 
few, and others, again, not a single one. Miiller,* however, 
found that " plants which are kept protected from insects, 
yielded capsules filled with good seed." The inference from 
this variability in the fertility of different individaala in the 
same year, is that it is an accidental peculiarity of some to 
be more or less self -fertile than others ; and that it was due 
to varying degrees of nutrition affecting the eaaential 
organs. We know now that plants frequently vary in their 
degMeg of fertility, both at different seasons of the year,+ 
and in different years or localities, accoi'ding to climate, con- 
ditions of soil, etc. In any case, the self-sterility of these 
plants is by no means so absolute as to justify the belief of 
their having never been a elf- fertilised for years. 

Let us now tarn to Mr, Darwin's experiments. 

Reseda lutea. The ratio between the heights of the crossed 
plants and those of the self -fertilised were as 100 : 85, the 
weights as 100 : 21, when the plants were grown in pots. 
When grown in open gi-ounfl they were nearer equality, viz., 
in height, as 100 : 82, and in weight (a better test than 
height), as 100 : 40. Differences in fertility are not given, 
and, therefore, presumably not striking. 

• FBrtilinaHnn, etc., p. 116. 

t Ur. Darwin says Pa;pa.ver vagum, molnded in ttio list of plants 
sterile withont iosect aid, prodnoed a few capsalBB in the early part 
cA the Bummerj see above, Chap. XXV., on Seiaality and Environmant. 
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Beeeda odorala. The reaalts of plnnla grown in 
were aa follows, the proportions being taken ns before. The 
heights were as 100 : 82; weights aa 100 : 67; while their 
heights when the plants were grown in the open were as 
100: 105 • 

He next raised seed by crossing some flowers and self' 
fertilising others on the same plant of a particuluf semi- 
self-sterile indiridaal. From, these the seedlings gave the 
following results : heights ns 100 : 92 ; weights as 100 : 99 ; 
fertility as 100 : 100. 

These results show that the differences have practically 
vanished; the weight being a much better test than height, 
as it points to greater assimilative powers, and leaves nothing 
tu be desired. 

It is difficolt, then, to see how Meseda. famishes data for 
any argament raised to prove the existence of injarionsness 
iti the self-fertilisation of plants. Indeed, Mr. Darwin him- 
self observes: "I expected that the seedlings from, this 
semi- self- sterile plant would have pi'ofited in a higher degree 

" Mr. Darwin remarts upon this result as followB : " We have here 
the anamaloQB result ol the BsK-fertiltsed plants being a. little talter 
than the crossed, of whiob tact I can offer no eaplnnatjon. It is, of 
coni^e, possible, bnt not probable, that tbe labels may have boci^ inter- 
changed by accident " (Cross, etc., p. 121). In mj paper {p. 383) retarrod 
to I have Bhcvrn that it was most generally the case that while a. close 
competition in the same pot proved disadvantftgeonB to the Belf-feirtilised 
seedlings, yet, when they had no competition, the differences were not 
nearly so marked. There are apparently bnt two alternatives to 
appeal to in order to acoonnt for the fact that intercrossed plants are 
not BO greatly superior to the aelf-fertiliaed when planted in open 
ground, as when in competition in pots j viz., either tbe intercrossed 
plants become deteriorated on being planted in open gronnd, which ia 
absurd, or else (he Belf-fertilised must regain or acquire vigour in a 
relativehj greater degree than do the intercroBeed, and thus woold B 
to avinoa what might be called a greater " elasticity " ot g 
their intereroBsed competitors. 
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from a cross than did the seedlings from the fully self-fertile 
plants. But my anticipation was quite wrong, for they 
profited in a less degree : " * — really not at all, for the self- 
fertilised were superior. " An analogous result followed in 
the case of Eschscholtzia, in which the offspring of the plants 
of Brazilian parentage (which were partially [said to be 
" absolutely " so, on p. Ill] self-sterile) did not profit more 
from a cross, than did the plants of the far more self- fertile 
English stock." * 

Mr. Darwin commenced his experiments by saying, " This 
plant is remarkable from the crossed seedlings not exceeding 
in height or vigour the self-fertilised. On the other hand, 
a cross greatly increases the productiveness of the flowers on 
the parent-plant, and is sometimes necessary in order that 
they should produce any seed. Moreover, plants thus de- 
rived are themselves much more fertile than those raised 
from self-fertilised flowers ; so that the whole advantage of 
a cross is confined to the reproductive system." f 

Twelve flowers crossed produced eleven good capsules, 
containing 17*4 grains of seeds; eighteen self -fertilised 
flowers produced twelve good capsules, containing 13*61 
grains : therefore the ratio of fertility was as 100 : 71. In 
the first season the heights were as 100 : 86. Being cut 
down, the next season, they were reversed, " as the self- 
fertilised plants in three out of four pots were now taller 
than and flowered before the crossed plants." 

" In the second generation, eleven pairs were raised and 
grown in competition in the usual manner. The two lots 
were nearly equal during their whole growth, or as 100:101. 
There was no great difference in the number of flowers and 
capsules produced by the two lots, when both were left freely 
exposed to the visits of insects." 

• Cross and Self Fertilisation, p. 121. t I'-C-y P* 1^- 

30 



326 THE STBUOTUaE OF FLOWERS. 

This conclades hia esperiments with. English plants -, anlS 
thouffh crossing did little or no good, and the first average 
ot heights, vis 100 : 82, he thinks were accidental, the 
conTerae proposition, tbat aelf -fertilisation was injnrions, ia 
in no way proved. It would be just as logical to say that, 
sinco the self-fertiliHed plants grew more vigoronsly after 
both were cnt down, that crossing must have weakened the 
constitution of the ci^Bsed seedlings. Or, again, £1*001 the 
second year's resalte, we might justly conclude that the two 
efEecta were quite identical. 

He next experimented with seed the parents of which 
had been cultivated in Brazil, in which country Fritz 
Muller had found them to bo " absolutely self-sierile with 
pollen from the same plant, but perfectly fertile when ferti- 
lised with pollen from any other plant." Seeds raised from 
these in England " were found not to be so completely self- 
sterile as in Brazil." The average numberof seeds prodoeed 
in the capsulea borne on the intercrossed and self- fertilised 
plants of Brazilian ovigin were 80 and 13 respectively in the 
first year; that is in the ratio of 100:15, 

With r^ard to the second generation, or grandciiildren, 
next raised, Mr. Darwin observes ; " As the grandparents ia 
Brazil ■ absolntely required cross-fertilisation in order to 
yield any seeds, I expected that self- fertilisation would have 
proved very injurioaa to these seedlings, and that the crossed 
onea would have been greatly anperior in height and vigour 
to those raised from the self -fertilised flowers. But the 
result showed that my anticipation was erroneous ; for as in 
the last experiment with plants of the English stock, so in 
the present one, the self-fertilised plants exceeded the crossed 
by a little in height, viz., as 100 : 101." 

In the next year the average number of seeds per ci 
of the crossed and self- fertilised was as 100 : 86'6 ; 
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relative fertility of the self -fertilised had risen from zero in 
Brazil to 15, and then to 86*6 pc, in comparison with the 
crossed regarded as 100. 

He now made crossings between the offspring of the 
Brazilian plants and the English-grown plants, with the 
following results : — 

First, as to heights, — 

The English-crossed to the self -fertilised plants 100 : 109 

The English-crossed to the intercrossed * plants 100: 94 

The intercrossed to the self -fertilised plants 300 : 116 

Secondly, as to weights, — 

The English-crossed to the self -fertilised plants 100 : 118 

The English-crossed to the intercrossed plants 100:100 

The intercrossed to the self -fertilised plants 100:118 

Three rows of plants of each kind grew in the open ; and 
here also the self-fertilised grew taller than the others. 
Moreover, all except three of the self -fertilised were killed 
by the winter. 

" We thus see that the self -fertilised plants which were 
grown in the nine pots were superior in height (as 116 : 100) 
and in weight (as 118 : 100), and apparently in hardiness, to 
the intercrossed plants derived from a cross between the 
grandchildren of the Brazilian stock. The superiority is 
here much more strongly marked than in the second trial 
with the plants of the English stock, in which the self- 
fertilised were to the crossed in height as 101 : 100. It is 
a far more remarkable fact . . . that the self-fettilised plants 
exceeded in height (as 109 : 100), and in weight (as 118 : 100), 
the offspring of the Brazilian stock crossed by the English 
stock." 

• "Intercrossed" signifies the oflfepring of the Brazilian plants 
crossed with one another. 
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When we look back and remember that the plant t 
" ftbsolntely self-sterile " in Brazil, and compare that fact 
with these final resolts, it is difficult to see how self- fertilisa- 
tion can be charged in any way with injnrionsness. Though 
tbe rcBuIta may have shown little or no advantage from 
crossing', it does not follow "that the diSerences," namely 
greater height, weight, or fertility o£ the self- fertilised, wei^ 
attributable " to the inferiority of the eelf-fertiliaed eeedlinga, 
due to the injurious effects of self -fertilisation," 

On the other hand, the facts appwar to warrant the 
conclusion that this north -temperate plant became barren 
in Brazil in consequence of the hot climate ; that the 
recovery of its self -fertilising powers was due to the English 
climate better suiting it; that it at once responded to the 
effort, 80 that its self- fertility i-ose in two generations tram 

to 8G'6 p.c. The plante, too, thus raised showed nothing to 
indicate any constitotional derangement that might, with 
any show of renaon, be attributable to self- fertilisation. 

From the preceding observations upon Mr. Darwin'8 
reasoning, I think the reader will now see that it is not so 
conclusive in proving the existence of any injuriousnesB in 
self -fertilisation as he appeared to think. 

This chapter was already in type when I met with the 
following passage in " The Life and Letters of C. Darwin," 
written in May, 1881 : " I now believe . . . that I onght to 
have insisted more strongly than I did on the many adap- 
tations for self -fertilisation, though I was well aware of 
many such adaptations." 

With regard to the values of other kinds of fertilisation, 

1 must refer to Mr. Darwin's works; for it is beyond my 
purpose to discuss them, as they have no special bearing 
upon the origin of floral structui-ca. 



CHAPTER XXXII. 

FERTILISATION AND THE ORIGIN OF SPECIES. 

The Origin of Species by Insect Agency. — The attractive 
features of flowers being now well recognized as correlated 
with insect agency in fertilisation, the question arises, How 
have they come into existence ? We may suppose that a plant 
bore seedlings, some of which had, we will say, the corolla 
accidentally (that means from some unknown cause arising 
from within) larger on one side than another ; and then such 
a flower, being selected by insects, left offspring which, by 
gradual improvement through repeated selection, ultimately 
reached the form it now possesses. 

As an alternative, we may suppose that the first impulse 
came from without ^ and induced by the insect itself ; so that 
the variation once set up in a definite direction, went on 
improving under the constantly repeated stimulus of insect 
visitors until the form of the flower was actually con- 
formable to the insect itself. 

The process of evolutionary development might perhaps 
be much the same under either supposition, but the latter 
hypothesis has more than one advantage. First, in the 
assignment of a direct physical caiise for the incipient change, 
instead of some incidental and unaccountable variation, 
which must be assumed by the former. Secondly, the theory 
does not require the plant to make an indefinite number of 
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less useful clinnges or variftliona, only to be discardeii 
each generation foi" the one form that was wanted. Thirdly, 
as a great nuinber of flowers would be visited, both on one 
plant aod on many enrrounding individuals in the neigh- 
botu-hood, great numbers might bear offspring advancing; 
more or less in the same direction ; and there would be no 
tear of eitermination, even if some happened to be crossed 
by the parent form. Indeed, the varying offspring woaJd 
largely supersede the parent form in number altogether, if 
they sprang up at one place without emigration. If we 
supply the additional aid of isolation, many other influences 
would be brought to boar npon them, and they wonld be free 
to vai'y without any interference from the parent st-ock. 

Mr. Darwin has abundantly shown that when a plant ia 
crossed, and ila seedlings Btrug^Ie in a confined place with 
those derived fi-om flowers which have not been ci-ossed but 
artificially self-fertilised, they generally succeed in mastering 
the latter ; so that if there be any struggle with the seedlings 
of a self-fertilised pai-ent, such a straggle for life is mainly 
during the early period of growth, before any varietal or 
specific characters of the flowers have put in an appeamnce 
at all. For it is only in the yonthful stages that the greatest 
contest is maintained; and the rcBult depends largely npon 
constitutional, and not at all npon ^ecijic, that is morpho- 
logical characters, mostly taken from tbe flowers. Now, 
Mr. Darwin has shown that such constitntional vigonr does 
very generally accompany at least tbe first few years of 
crossing. So that we have a vera eaitsa of the success 
of such newly crossed plants in the preliminary struggle 
for life. It need hardly be remarked that if insects thus 
start a new variety, they are crossing tlio flowers at the 

It is true that the stimulus of crossing docs not last for 
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many years ; but it is probably all that is wanted to give 
the crossed plant the ascendancy when starting on an evola- 
tionary career. 

As an illustrative case of a struggle between two varieties, 
I took the same quantity of English-grown " Revett's '* 
wheat and Russian " Kubanka," the former having a pre- 
ponderance of starch and the latter of gluten, being a smaller 
and harder grain. I sowed them as thickly as possible on a 
square yard, the two kinds having been previously well 
mixed together. They all germinated, and the struggle of 
course became intense. About twenty ears only were pro- 
duced, which were all Kubanka. The experiment was 
repeated a second year, with the same result. This is what 
I would consider as, therefore, due to " constitutional 
selection." 

Survivors, however, are by no means entirely dependent 
upon constitution, much less on specific differences ; for seeds 
which fall on the circumference of the crowd, or on a better 
soil than that upon which others may happen to lie, as on 
stony ground, are thereby " selected," but it is through no 
merit of their own, as in any way being the fittest, for they 
survive only because they are the " luckiest ; '* just as out of 
the thousands of eggs of a salmon a few only escape the 
jaws of their enemies : so that simply " good luck " plays an 
important part in determining which shall survive and come 
to maturity in both kingdoms alike. 

Hence, during the period of life when the struggle for 
existence is most intense, there are various circumstances 
which determine what plants shall survive ; and in probably 
few cases, generally no case, have the morphological variations 
or specific characters any voice in the matter of selection 
whatever, excepting indirectly, as stated above, whenever 
constitutional vigour is correlated with first crossings. 
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The difficalty which Mr. Romanes has felt in the stmggl^ 
for lite through the swamping effect of a varying offspring 
being crossed with the parent form, seema to me to be illusory 
as far as most flowering plants are concerned.* For not only 
do the majority of new forms arise through transport of 
seeds to a new and distant locality, but even at horai?, if the 
plant be at all responsive, so many seedlings, perhaps all, 
will tend to be differentiated at the same time and in the 
same way, that the pai-eat form will soon be ia a minority, 
and if now neglected by insects may die out through "insect- 
selection " of the new form. 

According to the old view, that plants are varying spon- 
taneously in all directions, and that only a few are selected 
by insects, the difficulty has long been felt that dangei-s of 
all sorts must surround the offspring of those few. Let us 
I'everse the process, however, and let the insects themselves 
be the cause of changes set up in the flowers in the adaptive 
directions, and the responsive power of the flower itself will 
soon develop the best forma. These run no risk of being lost, 
through the multitude of offspring. Hence, if my tbeory be 
true, physiological selection, which I cannot find bortioul- 
turists are inclined to accept, is not needed at all. 

Suppose some prevailing insect to have begun to set np 
incipient changes for a new variety, which then becomes dis- 
persed ; since many of the offspring will possess the new 
adaptation, and several other kinds of insects will visit the 
flower in different places, as the seeds happen to get trans- 
ported, the result will be, that while the original species 
of insect induces the descendants of the plant at home to 
vary in adaptation to itself, others are at work elsewhere, 

• FriU Miiller foDnd the genoB AhitUon aod a speoiea of Bignonia to 
ba more or leaa Bterile with parental pollen. See Miillar's FertiUealiaitt.m 
eto., pp. 146, 466. 



FERTILISATION AND THE ORIGIN OF SPECIES. 333 

modifying the same incipient alterations to salt themselves. 
Hence, as soon as isolation by migration has taken place, it 
is the presence of other insects which determines the develop- 
ment of other varieties. All, however, are based on the 
same plan of departure. 

In this way many varietal and subsequently specific forms 
of the same genus will arise; and the further they travel 
from tbe parental home the greater, perhaps, will be the 
specific differences; and thus can representative species be 
accounted for, especially among conspicuously flowering 
plants. 

On the other hand, the perpetually self -fertilising species 
which alone, as a rule, are cosmopolitan, are almost identical 
in form, or at least have a minimum of differences between 
them, and such as may possibly be accounted for by climatal 
causes alone. 

Difficulties of Natural Selection. — The greatest diffi- 
culty I have always felt in the idea that a plant was selected 
because it had some floral structures more appropriate than 
others, lay first in the fact that the principal period of the 
struggle for life takes place in the seedling stage, before any 
varietal and specific characters have appeared ; and, unless 
there were a large number of .the seedlings whicb would 
ultimately bear the improved flower, or else a superior con- 
stitutional vigour be guaranteed to be correlated with the 
particular varietal characters to be preserved, these alone 
could have nothing to do witb the survival of the fittest. 

Secondly, granting that the plant has succeeded in sur- 
viving till the flowering period, then why should so many 
minute details of floral structure be necessarily correlated ? 
If the loss of three out of five carpels in the Lahtatce were 
due to natural selection, why should this go hand-in-hand 
with a multiplication of the ribs of the calyx, and the 
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peculiar lipped and booded corolla with tlie lateral poaitioa 
of the flower, eto. ? We find in selecting peas and beans 
great varietiee among them, but next to none in the calyx 
and coi'oilft, to which the horticalturist pays no attention. 

In nature, however, we often find in flowers regularly 
visited by insects innumerable aud minutely correlated adap- 
tationR in all the whorls, which must have all varied together 
to form such existing flowers. Now, the difScalty of their 
doing so without sorao common cause, which afEects them 
all simultaneously, seems to me insuperable. 

IE my theory, howerer, bo accepted, it solves the whole 
mystery at once, as all the changes are set up by oao prime 
cause, namely, the irritations of the insect in the case of all 
flowers adapted to insect -fertilisation ; while the absence of 
insects in regularly self-fertilised flowers, as well aa anemo- 
philous ones, is sufficient to account for the atrophy which 
has affected them, the present condition of such flowers 
having been the inevitable result. 

Hence, instead of speaking of the Origin of Species of 
Plants by Natural Selection, 1 would regard the survival of 
the fittest as first issuing fi'om " Constitutional Selection ; " • 
while the oiigin of the floral specific characters is the i-esult 
of the responsive power of protoplasm to external atimuli. 
These latter ai-e infinitely varions in kind and degree, as has 
been shown in the early part of this book, The result is, that 
while high differentiations occur in some directions, degrada- 
tions are mot with in others, sometimes seen in different parts 
of the entire plant; but not at all infrequently aj-e both 
features observable aimultaneoualy in one and the same floral 

• Of eonrao the chances of leaa competition by growing on the oironm- 
ferenco of tlia batch ot seedlings, by receiving a little more light, eto., 
aid in aelecticg, and sometimes may determine, Ba stated ubove, thoaa 
whioli shall BorviYB. 
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whorl. The phrase " natural selection " will therefore have 
been noticed as conspicuous by its absence throughout this 
book. This is not because I would in the least deny the 
fact that vast numbers of seedlings perish while others sur- 
vive through that form which I have called " constitutional 
selection," which are thus " selected," and arrive at the 
flowering and fraiting stages ; and, again, that of these latter 
many may set no seed through the neglect of insects, etc., and 
so perish entirely and leave no offspring, while others again 
survive and are selected. Why, however, I do not refer any 
particular structure to the action of natural selection is 
because I have always felt or perceived a danger in doing so. 
Natural selection is, as thus styled, an abstraction; and as 
long as we hide our ignorance of its concrete representatives, 
that is to say, the real causes at work to induce a change, we 
may fancy we understand all about it, while we may be in 
reality in profound ignorance. 

Professor Huxley remarked, in his lectures on the Origin 
of SpecieSy that what we want is " a good theory of varia- 
tion." It is in the attempt to fill this hiatus that I have, 
step by step throughout this book, preferred to give what 
seemed to me a direct cause, mechanical, physiological, 
climatal, etc., for every structure; which may bring us 
nearer to a comprehension of the direct interaction of cause 
and effect than the vague term " natural selection " seems 
capable of doing Thus, to take an example, Miiller refers 
the loss of the fifth stamen in Labiates to natural selection, 
but makes no stateoient how he supposes selection to have 
done it. On the other hand, I would prefer to attribute its 
absence to atrophy, in compensation with the hypertrophy 
of the corolla on the posterior side. I may be wrong, of 
course, but at all events I give a reasonable cause, which is 
a fertile one in bringing about alterations in the structure 
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of flowers; whereas "natural selection" leaves ns exaef^^ 
■where we were before. Moveovei', natural selection is made 
to cover exaclly opposite processes ; for the fonnation of the 
enlarged lip, on the one hand, would be attributed to it, just 
as much as the elimination of a stamen altogether, on the 
other. InsteFid, therefore, of using this term as the cause of 
anything and everything, I prefer to attribute effects to 
hypertrophy, atrophy, resiatanee to strains, responsive action 
to irritations, and so on. I^it be thought that natural selec- 
tion somehow underlies all this, the reader is at liberty 
to substitnto the phrase; but, I must confess, it conveys 
nothing definite to my mind, -while the others undoubtedly do. 
I do not wish the reader to suppose that my theory is 
altogether in opposition to Mr. Darwin's ; for it must not be 
forgotten that he himself laid great stress on the oriviron- 
ment as a cause of variability upou which, when once bronght 
about, natural selection could then act. Thna he remarks: 
"To sum up on the origin of our domestic races of animals 
and plants. Changed conditions of life are of the highest 
importance in causing variability, both by acting directly on 
the organisatiou, and indirectly by affecting the reprodnctive 
systeni. It is not probable that variability is an inbereTit 
and necessary contingent, under all circumstances. . . . Vari- 
ability is governed by many nnknown laws, of which corre- 
lated growth is proljably the m.ost important. Something, 
but how much we do not know, may be attributed to the 
definite action of the conditions of life. [Under this I would 
include the definite action of insects exerted mechanically 
upon the organs of flowers.] Some, perhaps a great, effect 
may be attribnted to the increased use or disuse of parts. 
[Compensation plays undoubtedly a very iniporfant part]. . . 
Over all these causes of Change, the accumulative action 
of Selection, whether applied methodically and quickly, or 
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nnconscioTisly and slowly, but more eflBiciently, seems to have 
been the predominant Power.** * 

If thus the variations of floral structures can be reasonably 
referred directly to external agencies, and we may speak of each 
as a cause instead of using the abstract expresssion *' natural 
selection,'* there still remains the question. What has brought 
into existence the primary flowers themselves, which insects 
have subsequently modified into their present conditions ? 

The Origin of Flowers. — There are good reasons for 
regarding Gymnosperms — ^both from their extreme antiquity, 
as well as from points of structure showing affinity with 
the higher Cryptogams ; such, for example, as the Lycopodi^ 
aceoB — as standing in some sort of way intermediate between 
the latter and Dicotyledons. Yet the connecting links are 
much wanted on both sides of them. As far as Coniferas 
and CycadecB can help us, we are strongly led to believe that 
they were primitively, just as they are now, anemophilous 
and diclinous ; though the subdioecious (?) Welwitschia has 
points of structure which seem to indicate its being a 
degraded state of an hermaphrodite plant. This remarkable 
monotypic genus is, however, too isolated and unique to afford 
any safe point of departure on the road to Dicotyledons, so 
that with regard to the latter we are still driven to specu- 
lation alone. 

If, then, we are right in assuming Gymnosperms to 
have been always diclinous, and Dicotyledons to have arisen 
from some member of that group, then it is presumable that 
the first were diclinous, perhaps dicBcious, and anemophilous 
as well. The general opinion seems to be that they were 
dioecious; and Mr. Darwin thought that monoecism was tlie 
next step, and thence hermaphroditism was ultimately 
reached. 

* Origin of Species^ 6th ed., p. 31. 
31 



388 THE BTRCCTCRE OF FLOWERS. 

Now, we must not forget that wben a female flower is 
pollinated the effect of the impregnation by the poUen-tnbe 
is not only to ci'eate an embryo in the ovule, but to endow it 
potentially with its own seKUftlity ; bo that the seKleas embryo 
becomes potentially both male and female ; in as mueh as it 
may Hubsequently grow up to be solely a male or solely a 
female plant ; or elae it may combine the aexes, either ae a 
moncecions or hermaphrodite plant. 

Moreover, we now know that the resulting sex which 
appears in dicecions plants on maturity is largely, if not 
entirely, dependent upon conditions of nutrition, possibly 
aided by other and unknown influences. 

Consequently, we cannot say for certain whether the 
Grst Dicotyledons wero not at least moncecions, if not 
hermaphrodite, since the former of these states prevails 
already in Gymnosperms, as in Finns; while the latter is 
hinted at in not infrequent monstroaa conditions when, the 
lowermost scales of the spiral aeries in cones of Abteg excelsa, 
etc., are antheriferons, instead of being ovuliferona. * Such 
cases show that one (the male) sex can suddenly appear in 
the same spiral eeriea as the other, And this is all that is 
wanted to form an hermaphrodite flower ; for continuously 
spirally-arranged sexual organs are characteristic of many 
plants, aach as ot the RanuTicMlacece • and such a monstrous 
condition -may simply be a reversion to a primitive her- 
maphrodite state. Hence appears the inherent possibility 
of the production of hermaphroditism without any slow 
evolutionary process at all; but simply aa a result of the 
conveyance of the male energy to the female plant, by £ 
very act of pollination itself. 

Mr. Darwin, when speculating on the origin of hen 
phroditism, wrote as follows : " By what graduated aid 

• Teratology, p. 192. 
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an hermaphrodite condition waa acqnired we do not know. 
But we can see ttat if a lowly organised form, in whicli the 
two SBies were represented by somewhat different individuals, 
were to increase by baddiog either before or after conjugation, 
the two incipient sexes would be capable of appearing by 
buda on the same stuck, as occasionally occurs with various 
characters at the present day. The organism would then be 
in a moncecioas condition, and this ia probably the first 
step towards hermaphroditism ; for if very simple male and 
female flowers on the same stock, each consisting of a single 
stamen or pistil, were brought close together and surrounded 
by a common envelope, in nearly the same manner as with 
the florets of the Composite, we should have a hermaphrodite 
flower." * 

It is a singalar fact that Mr, Darwin never seeniB to hava 
thought of Euphorbia, which tallies exactly with his hypo- 
thetical origin of a hermaphrodite flower; but, unfortunately, 
a " blossom " of an Euphorbia is not regarded by botanists 
as a flower, but an inflorescence. It consiata of a " single 
pistil," on its own pedicel, surrounded by many " single 
stamens," each on their own pedicels ; and are " brought 
close together and sun-oanded by a common envelope." 

Mr. Darwin's mistake resides in his supposition that 

hermaphroditism must have arisen from dioscism, by passing 

through monceciam ; so that he is obliged by this order of 

I progress to consider a flower with stamens and a pistil to be 

B made of separate flower-bnds, i.e. to be axial structures with 

B their appendages reduced to at least one of each kind. But 

■ from phjUotactical reasons, it is clear that the origin and 
^1 arrangements of the floral members are entirely foliar. 

H Alt that seems necessary for us to assume as the origin of 

■ a flower vrith a conspicuous corolla or perianth, is a leaf-bad 
I ■ Crou ami. Self Fertilisation of Plants, p. 410, 
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340 THE STRUCTURE OF FLOWERS. 

of wHch Bome of the members have already differentiated 
into carpel laiy, otbera into stamiual organs, the outer 
appendages being simply bracts, like, we will say, those 
BuiTounding the stamens or ovule of the Tew. 

As iuBecta often come for pollen alone — as in honeyless 
' flowers of Laburnum, Poppies, St. John's Wort, and Koaes, — 
and then pierce the juicy tissues for moistening the honey, as 
they have been seen to do in Anemone, Laburnum, Hyacinths, 
Orchis, etc., we may, I think, infer with some probability 
that they did the same with the primitive flowers, 

Having once attmcted insects to come regularly, then a 
multitudinous series of differentiationa would follow. The 
corolla would in all probability be the first to issue out of the 
bi'acts, as being the nest whorl to the stamens and as a 
result of stimulus; other changes, already described nnder 
tlio Principles of Variation, would follow by degrees and in 
different combinations ; but in every case thoy would be duo 
to the responsive action of the protoplasm in consequence of 
the irritations set up by the weights, preasurea, thrasts, 
tensions, etc., of the insect visitors. 

Thus, then, do I believe that the whole Floral World has 
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Adelphons filaments, 57; imitated, 
59 ; and nectaries, 58 

Adhesion, analogies in animal king- 
dom off 48, 88 ; principle of, 5, 78, 
seqq. ; rationale of, 80 ; of stamen to 
perianth, and origin of, 81, and to 
style (?), Aristolochia, (6g. 21) 83 

JSstivations and phyllotaxis, (fig. 3) 
15 

Alpine, flowers, colours of, 176 ; 
strawberry, phyllody of, 301 

Amaryllis, appendage to perianth, 
(fig. 41) 134 

Androdi<£cism, examples, explanation 
and origin of, 227 

Androecium, explained, 4 ; irregu- 
laiity in, origin of, 109 

Anemophilons flowers, 265, seqq. ; 
characters of, 268; cosmopolitan, 
283 ; " long-lived " stigmas of, 
269 ; pollen of, 266 

Anemophily, and Greenland flora, 
270 ; and cleistogamy, 264 ; and 
degeneracy, 266, 272; and hete- 
rogamy, 269 ; origin of, 266, 270 
27J2; and protogyny, 200, 269 
272 

Anisomerons whorls, explained, 5 
causes of disarrangement of, 45 

Anthers, on bracts, (fig. 64) 288 
connivent, of Violet, 60 ; conta- 
bescent, 275 ; on glumes, (fig. 65) 
288 ; metamorphosed, 293, (fig. 81) 



298, (figs. 83, 84) 302 ; stigma- 
tiferous, (fig. 76) 294; syngene- 
sious, and interpretation of, (fig. 
11) 60 ; versatile, 266, 268 

Ant-plants, hereditary effects of irri- 
tation in, 115, 142, 157 

Appendages, in Amaryllis, (fig. 41) 
134; and axis, homology between, 
309 ; origin of floral, 133 

Aquilegia vulgaris, arrangement of 
floral whorls of, 22; number of 
parts in, 22 

Arahis albida, leaf-traces of, (fig. 7) 
39 

Arctic flora, and anemophily, 270 ; 
and self-fertilisation, 259 

Aristolochia, structure of flower, (fig. 
21)83 

Arrangement, causes of, 47 ; displace- 
ment of, by anisomery, and substi- 
tution, 45 ; illustrations of, in 
HanunculacecB, 21, seqq.; principle 
of, 5, 139 

Arrest, of carpels, 4, 8, 278 ; of 
carpels in CampanulacecB, 44; of 
floral axis, 6 ; in free-central pla- 
centas, 72, seqq.; of growth of 
ovary and seeds in Orchids, 169, 
281, and in Willows, 170 

Atragene, staminal nectaries of, (fig. 
44) 141 

Atrophy and hypertrophy in animal 
kingdom, 88 ; as causes of irregu- 
larities, 108 ; in compensation, 105 ; 
in zygomorphism, 116, seqq. 



Antogamy, eiplalned, 198, 311. Sea 

Selt-lertillBiitioD. 
Alia, and appendage, homology bfl- 

twHU, 308 ; floral, cauw of arrest 



Beln, formatiou of DVula of, (fig, 16) 

73 
Boughn, carrstnre of, dae to strain, 

(Kg. 39) 135 
BraoW, petttloid, 288, (figa. S2, 83) 

2H7 i piltiloid (glunisB), (fig. 85) 

288; progreMive changes in, 238; 

transitional forms of, in Hallcbore, 

(fig. 61) 286 
Bnlbs, origin of, from fUnicle, 310 ; 

fi-om leafiheath, 310 



CabbageG,BicrBsi:encea on, homologoos 
with OTules, 307 

Calyi, arrest of, 8, 184, 191; pro- 
greasire metamorphosis of, 288 ^ 
-tube, 89, 3eqi(. See Sepals. 

Campanula mediant, anatomy of Hover 
of, (fig. 8) 43, (fig. 15) 71 

(7ainpantt(a«ro, arrangement of carpels 
in geaera of, 44 

CappariiitCB, andrceciam of, and sym- 
metry in flower of, 33 

Carpels, arrest of, 4, 8, 278 ; in Chm- 
patmloixm, 44; cahesion of, 62; 
decrease by compentation, 21,278, 
phyllody of, 30J ; superposition of, 
44,eeq().; typioinumbetof nhorls 
of, 4. &dr Pistil. 

Carpophore, placental origin of, 72 

Cell-dirieion and light, 154 

Cell-wall, thickening of, to resist 
pressure, 127 

Cejttavrea, adaptations for fe 



Qei 



4S ; mnUiplicBtion of sta 

44, and of carpels by, 44, 30S, and 

of oTnles by (in Orchids), 309 

igamy, and anamophily, 264 ; 



r, 251, 



seqq.; 



tion, (fig. 11) 6 
240 



ilily. 



flowera, 251; illustrations of, 257- 
263; in ImpaUms, (fig. 58) 261; 
in Laimum, (fig. 59) 281; origin 
of. 282-264; in Oxalia, (fig. 57) 
260; in Salvia, (fig. 80) 262; in 
Violets, (figs. 55, 58) 257, 258 

)oheiion, of carpels, 82 ; illnstratioDs 
of; 49, 50 ; origin of, 50 ; of petalis, 
56, in Phyteuma, (fig. 9) 50; 
principle of, 5, 43 , of sepals, 54 , 
of stamens, 57 , to resist itrsina, 
51, 53; varieties of, congenital and 
by conUct, 48 

:;olonrs, of Alpine flowers, 176 } 
changes in, 176; and darlinesa, 177; 
effect of crossing on, 178; eSect of 
salts on, 175 ; of lloweTB, 174 , and 
iDsecta, 182; laws of, 174; nutri- 
tion and, 178; origin of, 178 ; aa 
pathfinders, 17B, and arreet of, 
253 , white and pale tints, and 
self-fertilisation, 253; wbule, and 
self-fertilisation, 183 

Compensation, in adaptations of 
flowers, 105, 117; atrophy and 
hypertrophy in, 105; increase of 
seeds and decrease of cai'pels by, 
21, 278; in irregular flowers, 103, 
leqq. ; in xudimentary orgnos, 284 

Conducting tissue, of Orchids, 165 ; 
origin of, by irritation of poilen- 
tnbe, 165, seqq.; structure of, (gg. 
50)16* 

Conifera, foliage of, adnate and free, 
84; orlginoffiowersaud the. 337 

Connirent anthers, of Violet, 60 

Contabeaceni;e of antben, 275 

Cords, fibro-Tascular, alteration in 
orieatalion of, 64, 65 ; m floral 
ouits, 31)0, SOS, 309; in flower of 
Camponu/a, (fig. 8) 43, (fig. 15) 
71 ; increase in number of, 55-57 ; 
orientation of phloDm and trachMB 
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io, 63 ; in receptncular tubes, (fig. 
14) 68, (tig. 28) 95, (fig. 30) 97 ; 
sepaline, of Salvia, 55; as origiu 
of the staminal and carpellary, in 
MalvacecB, 43, 44 

Corollas, appendages to, origin of, 133, 
seqq. ; form of, 101, seqq. ; meta- 
morphoses of, 292, 301 ; movements 
in, of Genista, (fig. 47) 160; of 
Lopezia, (fig. 48) 161 ; origin of, 
irregular, 103, seqq. ; petals of, 
displacement of, by insects, (figs. 
33-35) 110, 111; polliniferous, 
292, 293; progressive metamor- 
phoses of, 292; reduction of size 
of,9, 254, in Geranium, 252; regular 
and iri*egular, 101, seqq.; sensi- 
tiveness in, YpomoBa^ 1^1; stameni- 
ferous. (figs. 72, 73) 292, 293; 
strains, effect of, on the formation 
of, 101, seqq., 126; structure of 
bilateral, 116, seqq. ; virescence of, 
(figs. 83, 84) 301, seqq. See Petals. 

CoiTelation of growth, 112, 113, 
117 ; irregularities by, 108 

Gross-fertilisation, advantages of, in 
evolution of species, 330, and in 
horticulture, 311 ; colour, effects 
on, 178 ; disadvantages of, 314 ; 
rationale of, 312 ; stimulus pro- 
duced by, 312 ; views of Mr. Darwin 
on, 315 

CnidfercB, anatomy of floral recep- 
tacle, (fig. 6) 32; symmetry of, 
32 
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Darkness and colours, 177 

Decimate stamens, in Dictamnus, (fig. 
33) 110; distribution of forces in, 
of Echium, (fig. 20) 82 ; of Epilo- 
bium, (fig. 34) 111 ; origin of, due 
to weight of insects, 110, 111 

Degeneracy and degradation, of an- 
drcecium, 273; and androdicecism, 
227 ; and anemophily, 266 ; of 
flowers, 251, seqq.; in inconspicuous 
flowers, cause of, 251 ; in Orchids, 



172, 281,319; origin of, 282; and 

self- fertilisation, 252, seqq. 
Development, of floral whorls, 191, and 

continuous during flowering, 122 ; 

order of, of parts of flowers, relative 

only, 195 ; rates of, in pistil, 192, 

193 
Dialysis, explained, 5, 50 ; in Mimu- 

lusy (fig. 10) 51 
Diclinism, and heterostylism, 228 ; 

partial, 220 ; in primitive flowers, 

337 
Dimorphism, and fertilisation in Viola 

tricolor, 255 ; and heterostylism, 

203 ; in stamens, (fig. 37) 121 
Dioecism, and heterostylism as cause 

of, 218 ; of primitive flowers, 337 
Domatia, hereditary foimation of, 

115, 142, 157 
Doubling, causes of, 298 
Drosera, metamorphoses of tentacles 

of, into ovules, 307 
Duvernoia, zygomorphism of, origin 

of, (fig. 31) 107 

£ 

Electricity, effects on protoplasm, (fig. 

45) 152, on nucleus, 154 
Emergence, alteration in order of, in 

regular and in irregular flowers, 

187 ; and development of ovules, 

195, and interpretation of, 196; of 

floral whorls, 184; order of, 184 
Energy, reproductive and vegetative, 

231, seqq. 
Environment, action of, Mr. Darwin's 

views on, 336; influence of, 158; 

origin of species through, 329, 

seqq. See Preface. 
Epidermis, origin of root hairs on, 

(fig. 42), 137 • 

Eranthis, arrangement and number of 

parts in flower of, 22 
Exclusion, of insects from flowers, 

102, 133, seqq. 
Excrescences, on corolla, (fig. 87) 

306 ; on cabbage-leaves, as homo- 
I logues of ovules, 307 



. («« 



..y.); 



tub^ (s4s lV.); v&rioUes of, 311 ; 

«lf- (»M S.V,) 
Fibro-vaicular cord, nii ■ fundamenttl 

unit, SOO, 308, 309. Bie Cnrd. 
Flora, of DoyreQ»ld, nod Mlf-fertiliM- 

tiua, SaS ; of GnlnpagoE IslanJn, 

270; of GreoDinnd, 270 
Floral aytomotry, correlation with 

pbjllotniis, 14; eiplained, 4, 5; 

nriatious in, IS 
Flursl whorli, derelopnirnt of, order 

of, 191; emergencB of, 184; aym- 

metrical decreaH and increase in, 

18;umyinDiBtrical,20. SfuWhorl.. 
Flowers, conspicDOua, deTBlopiiieDt of 

parts of, 181; dageneraty in, 251 ; 

inconspicuouH, origin of, 251 ; origin 

of, 337 ; typical, structure of, (6g. 

1)3 
Forces, ^fleets of mechanical, etc 

See Mei:hanical forces. 
Forras, of floral organs, 101, saqq.; 

dimorphic, of stamsaB, (Hg. 37) 

121 ; prini:iple of, 5; transitional, 

lis, seqq. 
Funiole, 



Oaridella, arrangement and namfaer 

of parts in, (Kg. 4)21 
Glands and rudiroentsry cleans, 383. 



Ouidei, degeneracy of, in aelf-fertil- 
iied floweri, 253 ; origin of, 178 



origin. 



, icqq. i 



Gyn^cium, dogensn^j of. 278; 
plained, 4 ; untymmetrical deci 
in, 20. See Cnrpeta and Pistil. 

GynomoniEcisin, eiamples of, 230] 
explained, 210 
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Hairs, on filanients, origin of, 136 
(»« Kg. 11, 60) ; in galls, 138; on 
roots, origin of, 137; on weds, 
170 ; within styles, origin uf, 139 ; 
tangles and wheels, origiu of, 133, 



seqq. 






, 135 



Hellebore, altenitian in orientation of 
cords, (fig. 12) 84: arrangement 
and number of parts uf floral 
whorls (fig. 5), 22 

HereoijaiDy, ei plained, 317 ; in 
Orchids, 314; relative cbaractu 
of, 319 

Hermaphroditism, origin of, Mr. 
Darwin's theory of, and observa- 



Togamy. eiplai 
inalitj, 243 
romorphic floi 



led, 198 ; and 



explained, 203 ; and 



structure of stigniaa In, 216 

stable, in statnena of Sardss 

™™™s, Cfig.37)121 
Homogaluy, explained, 198 : a 

anemophily, 269; fli 

dltioDs about, 201 
Homology, of appendages 



i and ull^^^^l 
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809; explained, 285; origin of, 

300 
Homomorphic conditions, 203 
Homostyled, flowers, explained, 203 ; 

forms of Auricula, 208 ; of Primula 

iSnensis, 209 
Hooks of Uncaria, (fig. 46) 156 
Hypertrophy, in animal kingdom, 88 ; 

cause of, 51, 88; effects of, in 

unions, 86, 87 ; form, a cause of, 

105, seqq.; 116, seqq. ; in Orchids, 

87 ; of placentas, 307 



I 



Illegitimate, or homomorphic unions 
206 

ImpatienSy secretive stipules of, (fig. 
43) 140 

Impregnation, a form of nutrition, 
250 

Inconspicuous flowers, 251, seqq.; 
anemophilous, 265 ; due to degene- 
racy, 251, seqq. ; origin of, 282 ; 
self-fertilising, 253, seqq. 

Insects, origin of species by agency 
of, 329 ; relative proportion of, in 
regular and irregular flowers, 102, 
103, 314; visitors to CompositcBf 
315 

Irregularity, origin of, 103 

Irritability. See Ant-plants, Appen- 
dages, Form, Protoplasm, Zygo- 
morphism. 



Laws, of alternation, 41 ; of colour, 
174 ; of superposition, 41 

Leaf, cabbage, excrescences on, 307 ; 
of ConifercB, adnate and free, 84, 
85 ; opposite and verticillate, 9 ; 
transition from opposite to verti- 
cillate, (fig. 2) 11, 17, 18. See 
Phyllotaxis. 

Leaf-traces, of Arabia albiday (fig. 7) 
39 ; compared with floral, 40 



Liber-fibre, origin of, 250 

Light, and cell-division, 154 ; in- 
fluences of, on leaves, 154; on 
roots of Ivy, 155 ; on nucleus, 154 ; 
and sleep of calyx and corolla, 155 

Lysimachia, anatomy of floral re- 
ceptacle of, (fig. 19) 77 



M 



Mechanical forces, action on boughs, 
125 ; on corolla, 126 ; on pear 
growth, 124; on stamens, 81, 82, 
126 ; tissues, formation of, by, 155, 
seqq. See Irritability. 

Metamorphosis, of bracts, 286 ; of 
calyx, 288 ; of corolla, 292, 302 ; 
of flowers, 285, 295 ; of pistil, 295 ; 
of stamens, 292, 298 ; of tentacles 
ofDrosera, 307 

Movements, in corolla, 160; of fila- 
ments, 159, 161, 162 ; of pistil, 
162; of stamens, 162; of staminode, 
161 ; of stigmas and styles, 159, 
162 
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Narcissus cemuus, unstable hetero- 
stylism of, 121 

Natural selection, difficulties of, 333 ; 
forms of, 330, seqq. ; insufficient 
as a cause, 335. See Selection. 

Nectaries, 140, seqq. ; and adelphous 
stamens, 58 ; irritation, an origin 
of, 141, 143 ; and pollination, 148 ; 
position of, 140, seqq. ; staminal in 
Atragene, (fig. 44) 141 ; stipular 
in ImpatienSj (fig. 43) 140 

Nepenthest origin of pitcher of, 146 

Nucleus, efiect of electrical irritation 
on, 154, of light on, 154 ; of pollen- 
tube, effect of, 250 

Numbers, illustrations of special, 25-> 
38 ; origin of, 9 ; principle of 4, 7 



o 



le or, 190 ; 



OMiplortamcmy, 188 
ongin of, 150 

Oppmite and verticillits leiTCt, 9 ; 
M urigia of iltsmitc, 11 

Orchids, idhmirB roots of, (fig. 42) 
137 ; conducting tiisaf of. IflS ; de- 
pnarncy in, 172, 280, 3t9 ; tStct 
of irritfltiona on, mechnnical. 111, 
of IsrVB, 171, phfgiologicHi, of 
pol1ea-tut>«, 165, seqq. ; hf per- 
trophj in, S7 ; moiutroiu, 8T ; Klf- 
rertilising, 253, 318 

Order of development of floral whorli, 
relative onlf, 195 

Organn, (JDral, slow derelopmeat of, 
122; mdimentarr, 283 

Origin of ipecici, fertilisation and, 
329 ; bf nntnrsl selentton, 333 ; by 

meat, 3, 50, 51, 84, seqq., 88, 103, 
ueqq, Ha, seqq., 116, seqq., 126, 
133, aeqq. 
Orarjf, «rre»t of, 169; growth from 
" ■ >, 171, fr 



cal 



114 ; 



I 



pol! en-tube, 170, 
Ovulea, basilar, interpretation of, 74; 
of Beta (Hg. 16), 73; emergence 
of, 195; homology of, 303, seqq.; 
foliaceons, (fig. 85) 305; meta- 
morphnsee of, 305, seqq.) of Or- 
ohida, 166, aeqq., 281 ; order of de- 
Tclopment, interpi-etation of, 196; 



PothRnders and colours, 1T8 
Pear, cause of obliquity at bnse of, 
(Rg. 38) 124; interpretation of re- 



:eptBcul«r tube of, 86, (fig. 22, t 
30, (fig. 36) 94 ; efitct of lead* 
ind weight of, upon form of, 124-1 
Pedicel, origin from pcdnncle ; 



Peloria, 128, aeqq.; 

and generic characters, 132; 
reJitarf, 131 ; and hipertraph] 
131 ; indnced by Tingida, 130 

Perianth, eicrcieence on, (fig. 
306; form of, 101 

Perigynoua condition, 78 

Petals, adhcbioa of, 78, aeqq.; on^i 
heaioa of, 56, seqq. ; cvIouts of, 
174, seqq. ; 253, 270, {tee Coloora) ; 
irritability o^ 158, (fig. 47} 160, 
(fig. 49) 162. Sm Corolla. 

Phyllody, of carpels, 302; of floral 
vhorls, 301, seqq. ; of orulea, 302. 
See Ovule. 

Phyilolaxls, and sstivation, (fig. 3) 
15; sod arrangement, 39, aeqi 
and nnmher, 9, aeqq.; and art 
of flowers, 339 

Fkstmma, cohesions of, (fig. 9) 50 

Piatil, carpela, number of, 4, 7, aeqq. 
anperposition of, 46, 47, in Cam 
!,44; degeneraejf in, 278 ; 
ipmentof, rateof, 192; fibro^ 
vascular corda of, (figa. 12, 13, 14, 
16) 64, 65, 68, 71, 73 ; metamoi^ 
pboses of, 295, aeqq.; morementa 
of, 163 ; rationale of snperpasitian 
in, 46, 47 ; ej-nearpoDa, 62, seqq. 
Bee Carpel, Gyniecium, Ovary, Be- 
ceptaculsr Tube. 

Pitcher of Nepenthes, origin of, 146, 



307 



Ph 



nils, 6 



carpophon, 
13; corqs of, 64-77; frBe-central, 
72, 76, (fig. 19) 77; hypertrophy 
of, 307; parietal, of Orchids, a 
sign of degeneracy, 381 
Pollen, of anemophilous flowera, 267 
of cleiatogamoi " 
aeqq. ; degenerac 
Orchids, 173; in I 
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titj, redaction of, 273; of self- 
fertilising plants, 254 

Pollen-tube, effects of, 166, 167; 
irritation dae to, 164, seqq. ; in 
Orchids, 166, seqq. ; in Oxalis, 260 ; 
in Verbascumf 168 ; in Violets, 258 ; 
in Willows, 170 

Pollination and nectaries, correlation 
between, 148 

Polygamoas flowers and environment, 
242 

Pressure, effects of mechanical, 101, 
seqq., 116, seqq., 123, seqq., 156, 
seqq.; resistance to, bj cell-wall, 
127 

Primine and secundine, foliacious, 306 

PrimtUacecBf free-central placenta ot\ 
interpretation of, (figs. 18, 19) 76, 
77 

Principles, general, 1 ; of variation, 4 

Protandry, cause of, 198 ; explained, 
198; illustrations of, 191, seqq.; 
in Echiumy (fig. 20) 82 ; and self- 
fertilisation, 272, 273, seqq. 

Protogyny, anemophily as a cause of, 
200, 269; causes of, 199, seqq.; 
emergence and order of develop- 
ment of flowers with, 195; ex- 
plained, 198; inconspicuousness of 
many flowers with, 195 

Protoplasm, common to animal and 
vegetable kingdoms, and pheno- 
mena same in both, 147 ; irrita- 
bility of, to electricity, 152, to 
temperature, 153, to touch, 153, 
seqq. ; origin of species due to 
responsive powers of (see Origin of 
Species) ; transmission of effects of 
irritation by continuity of, 163 
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Banunculacea, arrangement in, illus- 
trations of, 21 ; symmetry in, illus- 
trations of, 21 

Receptacle, floral, anatomy of, in 
Cruciferas, (fig. 6) 32; in Helle- 
bore, (fig. 12) 64; in Ivy, (fig. 14) 



68; in Lystmachia^ (fig. 19) 77; 
in Pelargonium^ (fig. 13) 65; in 
Primula, (fig. 19) 77 

Receptacular tube, 89, seqq. ; ana- 
tomy of, in Alstrasmeria, (tig. 30) 
97; arrested conditions in, 91, 100; 
with calyx foliaccous, (fig. 67) 
289 ; of Cherry, (fig. 29) 97 ; of 
Cotoneaster, (fig. 22, 6) 90; of 
Fuchsiay (fig. 27) 94 ; of Galanthus, 
98; of Hawthorn, (fig. 25) 93; 
interpretation of, 86 ; morphologi- 
cal investigations of, 90 ; of Jfus- 
acsnda, (fig. 68) 290 ; of Narcissus, 
98 ; of Orchids, (fig. 23) 92 ; of 
Pear, 86, (fig. 22, a) 90, (fig. 26) 
94 ; of Prunusy (fig. 28) 95 ; of 
Rose, (fig. 24) 93 ; teratological in- 
vestigations of, 92 ; views of, 89 

Regularity, acquired, 128 ; explained, 
5 ; observations on, 101 ; position 
of flowers with, 101 ; TingidcB as 
causing, 130. See Peloria. 

Resupi nation, origin of, 107 

Roots, adhesive, of Orchids, (fig. 42) 
137; origin of hairs on, 137; of 
Ivy, effects of light on, 155 

Rudimentary organs, 283 



Salvia, cleistogamous species, 262, 
263 ; cords of sepals of, 55 ; fila- 
ments of, 268; self-fertilising spe- 
cies, 261 

Scent, absence of, in self-fertilising 
flowers, 254 

Secretive tissues, as conducting, 164, 
seqq.; irritation as a cause of, 142; 
of milk, 147 ; as nectaries, 140, 
seqq.; in Nepenthes, 146; origin 
of, 141 

Secundine, and primine, foliaceous, 
306 

Seeds, character of, for double flowers, 
299; number of, compared with 
carpels, 21, 278, with stamens, 
275 ; proportion of, to seedlings in 
Orchids, 280 
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Solection, coDstitutional, 330, 331; 
eiperiment id, 331; by in.ects, 
335; Dftheludii»iit,33I;[mtural, 
333. See Natural SslMlion. 

Seir-fertilifRtion, sod the Hora of 
Davreljeld, S59 : ROSTnopalitKn, 
383 ; Mr. Dxrwia's viewi od, 215, 
and review of, 315, »»iq. ; and ils- 
jteneracy. 252; of EpiliAiam, (fig. 
63) 255; general, 193, 199, 216; 
nod homamorphiBiD, 214; illustra- 
tionii of, (ligs. 52-60) 255-362 ; 
iQJnrioQsniHs o^ disprovoil, 315, 
saqq. i miimterprBtntiDiii rfgonl- 
ing, 312, aeqq. i of Orchids, 253, 
813; peculiAritieK of, 253; rapid 
reeovery of, 32U ; nf SteUaria mtdia, 
(iig. 52) 255; aad whole caluur- 
m%, 183 

Seniltireneu, 151. See Protoplasin. 

Sepallas cords, lource of slaminal 
and mrpellarir, 42, Hqq.; in Com- 
panu/a, (fig. 8) 43, and (fig. 15) 
71 ; Lahiat<E increase of, m calyi 
of, 56 ; Salvia, in calyx of, 55 

Sepiils, arrest of, 8; carpellary lobes 
of, in Pen, (lig. 70) 292 ; cords of, 
in Oirnpanu/o, (Rg. 8) 43, (Rg. 15) 
71, and in Hollyhock, 44; de- 
velopment of, order of, 191 apqq. ; 
emergence of, 184, aeqq., and in 
Cradfera, 33 ; foliaeeous, in flu- 
mtacuiat (Rg. 66), in Trifulium 
(fig. ST), 289; homologous with 
petioles, 288; lateral pair of, in 
Crueifers, first to emerge, (fig. B) 
32, 185; nectaries auperpnaed lo, 
in Hellebore, (fig. 5) 22 ; nnmbers 
of, in whorla, 25, H«qq. : orullfe- 
roas, ID VioUt, (fig. 71) 2B2 ; pe- 
taloid, one abaormallr Id Linaria, 
(Rg. 69) 291, normnlly in JIui- 
saitda, (Rg. 68) 290 ; pctniB super* 
posed to, in Garidella, (Rg. 4) 21 ; 
pistiloid, 291; staminoid, 291; to- 
nation of, 289 

Septa, absorption of, in liber and 
wood-fibres, 250; foimatioD of, in 
pislili, 70, aeqq. 



Sei, 



appea 



iraa™ of, 33S^ 



if, 246 ; change of, in Caleit- 
dala, 241 ; origin of, 246, S49 ; of 
seeds, 247; and soil, 239; and 
temperatare, 237 
SeiDality, in CalenMa, 241 ; in Cen- 
taarta, 240; and environment, 
230, 245 ; and hetemgamy, 243 ; 



tion, 2; 



■ostylisi 
, seqq. ; 



e.plai 



' d soil, 239 



ed, 5 



ilia of Gniala, (Rg. 47) 
lOU; ot stamens in Mediaigo, (fig. 
49) 182; of ilyies 125, of Viola, 
(Kg, 54) 355 

Stamens, adelphoDs, and nectariea, 58; 
adhesion of, and mechanical forces, 
81 ; cohesion of^ 57 ; declinalc, 
no, 125, in Dictamnui, (Rg. 33) 
110; in Eahium, (fig. 20), 83; in 
Epilabium, (Rg. 34), 111; dimorphic, 
(Kg. 37} 121) dialHbntinn of forces 
In, 81, 126; with heterostylism, 
203, seqq. ; irregiilarily in,origin of, 
109; irritability of, 159,161; more- 
ment of, 162 ; metamorphoses of, 
292, 298 ; petaline, cause of absence 
of, 7, 30; whorls, number of, 8 

Staminode, muTement of, in Lopeiia, 
(fig. 48) 161 

Stigmas, of nnemnphiloni flowen, 
269; of ^n'ltaJocAi'a, (Bg. 31) 83; 
of heterostyled flowery 21S; irri- 
tability of, 115, 163; long-live'l, 
269 ; moTemeuls of, 162 ; by pro- 
toploimic conlinoity, 163 

Stimulus, produced by croning, ad- 
Tantagea of, 330 ; temporary eflect 
of, 313, 330 

Stipules, of Aeacia tpharosephala, doe 
to irritation, 157 ; nectariferous, 
of/mpiiit™, (fig.43)140 

Strains, effect on bonghs,(Rg. 39) 135 ; 
and cohesions, 51, S3; hypertrophy 
by, in pears, (fig. 38) 134, in pedi- 
eels, 123, on stems, 123, on st 
tores, 123 seqq. 

Strn^le for eiiste 
period of greatest, 330 



in atnlllnn^^H 

J 
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Styles, hairs within, origin of, 139 ; 
of heterostyled plants, 203, seqq. ; 
movement of spnngs in, of Pansy, 
(fig. 54) 255; piston-action of, 
(6g. 11) 60; of self-fertilising 
plants, 254 

Stylopod, placental origin of, 72 

Superposition, of carpels, 44; laws 
of, 41 

Supportive tissues, 127 

Symmetry, floral, changes in, 186; 
decrease and increase of, 18 ; illus- 
trations of, in BanunctUacecB^ 21 ; 
and phyllotaxis, 14 ; variations o^ 
12 

Syncarpous phtil, 62 

Syngenesioos anthers, 59 



Tendrils, of AmpehpsiSf 145 ; of 
CucuriiiacecBf 145; thickening of, 
due to irritation, 156 

Teratology, 2, 285, seqq. ; 295, seqq. ; 
301, seqq. 

Tettcrium, stmcture of flower in adap- 
tation to insects, 56, (flg. 36) 117 

Trichomes, origin of^ 133, seqq. 

Trimorphic flowers, 210, seqq. 

Typical flower, diagram and structure 
of, (fig. 1) 3 



U 



Uncaria, hook of, (fig. 46) 156 
Unions, cause of, 84 ; effect of hyper- 
trophy in, 86; illegitimate, 206; 
legitimate, 204 
Unsymmetrical, corolla, 5; decrease 
in floral whorls, 20 



Variation, principles of, in flowers, 4 
Vascular cords, in CampaniUa^ (fig. 8) 

43 ; as floral units, 300, 308, 309 ; 

in AfalvacecBf 43 ; origin of, 42. See 

Cords. 
Versatile anthers, cause of, 268 ; in 

wind-fertilised flowers, 266, seqq. 
Verticillate and opposite leaves, 91 
Vessels and cells, constructed to resist 

pressure, 127 ; as supportive, 127 
Violet, cleistogamous, (fig. 56) 258 ; 

style andstigma of, in self-fertilising 

forms, (fig. 55) 257 
Virescence, explained, 301 



W 



Weeds, and fertilisation, 281 ; self- 
fertilising, cosmopolitan, 283 

White flowers, 180; effect of crossing 
with, 180 ; and self-fertilisation, 
182 

Whorls, floral, alternation of, 39, seqq. ; 
arrangement of, 39, seqq. ; examples 
of one to twelve membered, 25, 
seqq.; illustrations from £anun' 
culcuxcBf 21, seqq. ; origin of, in 
Cruciferce^ (fig. 6) 32; projectt>d 
cycles, 38 ; superposition of, 39, 
seqq. ; symmetrical increase and 
decrease of, 18, and cause of, 19; 
of typical flower, (fig. 1) 3 

Wind-fertilised flowers. See Ane- 
mophilous and Anemophily. 

Wood-fibre, origin of, 250 



Zygomorphism, origin of, 102, 116, 
seqq. 
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